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Description 

Background of the Invention 

[0001 ] The invention relates to a method and appara- 
tus for processing foodstuffiB; more particuiarly, this In- 
vention relates to methods and apparatus for process- 
ing rice to achieve a quiclc-cooking rice. 
[0002] Manlcind is continuaity searching for new and 
better methods of cooking cereal grains, vegetables and 
other foodstuffs. In large scale commercial operations, 
the cooking of foodstuffs requires special apparatus and 
specially adapted cooking methods that will provide a 
unifomi and desirable food product while at the same 
time handling targe quantities of foods. 
[0003] In the cooking of certain starch^containing 
foods such as vegetables and cereal grains, several 
problems aro encountered. First, the food granules must 
be moved from storage tanks to processing vessels, and 
in some cases to holding tanks or cooking vessels, and 
then they may be distributed to dryers to remove water 
from the food granules. The physical transport of the 
food granules during such processing must be well reg- 
ulated and maintained to achieve a desirable flow of 
food particles through the processing system from one 
processing step to another, without undesirable dump- 
ing or aggregation of food granules. 
[0004] In certain cases the physical handling and heat 
applied to grains during cooking is designed to result in 
physical or chemical changes to the staroh or other mol- 
ecules that are contained In the food stock itself. For 
example, in the cooking of cereal grains, such as rice, 
the goal is to gelatinize the starches In the grain. In such 
a process, loose staroh molecules may be leached out 
of the food granules or the starch molecules may be rup- 
tured as a result of handling or processing. If that occurs, 
then cooking processes may tend to glue together the 
granules, slowing advancement of the food product 
through the processing system. This "gluing" problem is 
particularly troublesome in the cooking of rice and, if al- 
lowed to proceed unabated, will cause the surface of 
rice partbles to stick together, causing large globules to 
form, making further transport and processing of the rice 
impractical, if not Impossible. 

[0005] In the past, the problem of "gluing" of food 
granules by the release or rupture of starch molecules 
could be controlled, at least to a limited degree, by using 
large amounts of fluid In transporting the food through 
the processing machinery, cookers, conduits, and the 
like. Typically, water is used as a transport fluid, and 
large amounts of water tend to dilute the "glue" (free hy- 
drated starch), thereby minimizing the adverse effect of 
free starch. By using large amounts of water, cereal 
grains may be processed without the undesirable glob- 
ules fomnlng to slow the transport of the grains through 
processing, equipment. IHowever, such use of water to 
dilute this gluing effect results In spent process water 
with large amounts of free starch which must be discard- 



ed or further processed such as by water treatment. 
[0006] Unfortunately, many communities have greatly 
increased the fees that commercial users must pay for 
water in such food processing operations. As such, the 

5 processing of food wherein large amounts of water are 
required has become extremely expensh^e in these 
communities, and newer and better methods of trans- 
porting and cooking food in a processing system, while 
using less water, are highly desirable. 

10 [0007] Also, in the past, water used in a food process- 
ing system for transport of food has been discarded as 
waste water at the point in the processing after which 
the water is no longer needed for transport of the food. 
However, recent environmental regulations have greatly 

IS curtailed the amount of waste water and waste materials 
that may be disposed of by food processing facility. 
Moreover, many pubib utilities and water companies 
charge corporate water consumers not only on the basis 
of the amount of water consumed, but also on the basis 

20 of the number of gallons of waste water that is dis- 
charged back into the public sewer system. Therefore, 
it is desirable to limit the amount of waste water that is 
produced by a food processing plant. 
[0008] Additionally, the greater the amount of water 

25 used in commercial processing, the greater is the 
amount of heat energy that must be applied to reach a 
desirable temperature level. If less water Is utilized in a 
batch processing system, sut)8tantlai savings In power 
consumption can be achieved. A batch processing sys- 

so tem may, therefore, operate at a lower cost per pound 
of food processed. 

[0009] Commercial rice cooking methods consume 
and excrete very large amounts of water. For example, 
in the commercial cooking of one cup of rice, prior meth- 

35 ods required as much as a 20:1 ratio of water used to 
rice produced pursuant to the processing method. A 
great advantage In food processing would be a cooking 
method that allows food granules, such as rice, to be 
cooked with a ratio of water consumption to food pro- 

40 duction of as little as 2:1 or perhaps even less. 

[001 0] Another problem in the food industry Is the pro- 
duction of a uniform final product, especially in high pro- 
duction batch or continuous processes. For example, 
cooking cereal grains In a uniform manner so that each 

45 grain receives substantially identical conditions during 
cooking presents a challenge. 

[001 1 ] The challenge arises because numerous vari- 
ables exist in processing and because of the difficulty in 
exposing each grain to the same overall history of cook- 

so ing conditions. The first variable Is the amount of heat 
applied. The greater the amount of heat applied, the 
greater the gelatlnization of starch within the grain, and 
the quicker the rice will cook. Furthemnore, an increase 
in the pressure during the cooking of rice will increase 

55 the rate at which the starch is gelatinized, and therefore, 
it will speed the cooking of the rice. If the rate of gelati- 
nlzatlon of the rice is too high, or if the pressure and 
temperature condittons are not optimum during the 
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cooking and drying of the rice, the individuai grains may 
be physically hamied by the formation of small poclcets 
of air or dead space within the grain itself. These pockets 
cause the rice to become brittle after it is dried, resulting 
In an inferior product that consumers find undesirable. 
[0012] Accordingly, what has been needed in the in- 
dustry is a cooking apparatus and method that will pro- 
vide for the untfonn cooking of the food granules in a 
continuous processing system without using or excret- 
ing excess water, and while avoiding the gluing together 
of the food granules. 

Summary of the invention 

[0013] The present Invention comprises a method of 
processing rice to prepare the rice for packaging, Includ- 
ing the sequential steps of presteaming the rice to cause 
the rice to absorb moisture, steeping the rice in water to 
further process the rice and to cause the rice to absorb 
further moisture, steam cooking the rice causing the rice 
to absorb further moisture, and drying the rice In prep- 
aration for packaging the rice. 

[0014] In another aspect of the invention, the step of 
prewashing the rice prior to the presteemning step is ac- 
complished. 

[0015] In another aspect of the Invention, a method Is 
presented wherein at least a portion of any excess water 
enters the cooking step and is recirculated for reuse In 
the overall process. 

[001 6] In another aspect of the Invention , a method of 
processing cereal grains is disclosed, comprising prest- 
eaming the cereal grains, steam cooking the cereal 
grains, and drying the cereal grains. Further, the step of 
prewashing the cereal grains priorto presteaming is pre- 
sented, and another method further includes the step of 
steeping the cereal grains after presteaming. 
[0017] In another aspect of the invention, the cereal 
grains are conditioned by application of chemical addi- 
tives. In some cases, the cereal grains are postcondi- 
tioned after cooking by application of a gas to the cereal 
grains. 

[0018] In one aspect of the invention, an apparatus 
for processing food products is shown, Including a con- 
veying means, wherein the conveying means is adapted 
for transporting food products In the processing of the 
products. In that case, steeping tanks are adapted for 
presoaking uncooked food products, and water recircu- 
lation means, wherein water or steam is applied to food 
products and then recirculated, is presented. The 
amount of water consumed and excreted in processing 
food products being minimized, said water provides for 
the dilution of food products during processing to facili- 
tate movement of food products among processing ap- 
paratus, and to avoid reaching the glue point of said food 
products, further wherein water is reabsorbed and recir- 
culated by food products In said steeping tanks. Further, 
a steam cooker for cooking food products is provided 
wherein the cooker transmits water or steam to the food 



products during cooking, and the apparatus also In- 
cludes a drying means. 

[0019] In another aspect of the invention, an appara- 
tus Is provided wherein the drying means comprises a 

s rotary dryer, wherein the food products are conveyed to 
the rotary dryer, and reducing the water content of the 
food products to prepare the food products for packag- 
ing, said rotary dryer comprising a rotating barrel, said 
rotating barrel being adapted for agitation of the food 

10 products, the rotary dryer further comprising a heat 
source for reducing the water content of the food prod- 
ucts using heated air. A portion of the excess water re- 
moved from the food products is recirculated back and 
reabsorbed by uncooked food products. 

IS [0020] In another aspect of the invention , a method of 
processing food granules comprises the steps of prest- 
eaming uncooked food granules, steeping the un- 
cooked food granules by soaking them in heated water, 
cooking the food granules, wherein the food granules 

20 are cooked by application of heat and water in a steam 
cooker, and performing the above steps by minimizing 
the amount of water consumed. Further, the method 
may include minimizing the amount of water excreted 
during processing of the food granules by subjecting the 

25 food granules to only about as much moisture as they 
can absorb in that particular step. Further, at least a por- 
tion of any excess water is provided to the food granules 
during perfomiance of the steps to be recirculated and 
reused in the overall process. 

so [0021 ] Advantages of the present invention include a 
reduction in the amount of water that is used in the proc- 
ess, as a result of efficient use of water. In partteular, 
water Is used in quantities roughly equivalent to the 
amount of water that can be absortsed by the rice grains 

35 at that point In the process. A conresponding reductton 
In the expenses associated with purchasing and dispos- 
ing of water is also an advantage of this inventton. En- 
ergy costs are lowered and utility costs are mora rea- 
sonable using the process shown herein. 

40 [0022] Further, a high clarity of water is provided at 
the end of the cooking process, lending to the reuse of 
the water from that point in the process for other steps, 
as a result of proper presteaming and the use of proper 
water volumes and cooking temperatures. 

^ [0023] One of the greatest advantages of this inven- 
tion Is the avoidance of gluing conditions in the overall 
process to assure efficient transport of the food product. 
Uniform cooking of individual rice grains is one advan- 
tage, and as a result of the overall process, high quality 

50 rice is produced. Efficient, unifomn and variable drying 
of the rice grains is provided. 

Brief Descrptton of the Drawing 



55 [0024] 



FIG. 1 is a perspective view of the overall food 
processing system; 
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FIG. 2 is a flow chart showing the movement of the 
food granules among the various processing steps 
of the present invention; 

FIG. 2A is a perspective view of the preferred em- 
bodiment of the steam coolcer of the present Inven- s 
tion; 

FIG. 2B provides a cross-sectional view of the pre- 
ferred steam cooker of the present invention; 
FIG. 2C provides a detailed view of the shutters 
contained within the preferred steam cooker of the io 
present invention (the steam cooker disclosed in 
FIGS. 2A and 2B); 

FIG. 3 is a perspective view of a first altemate em- 
bodiment of the steam cooker of the present inven- 
tion; is 
FIG. 4 provides an exploded, detailed view of the 
interior of the alternate embodiment of the steam 
cooker shown in FIG. 3; 

FIG. 5 discloses a cross-sectional view of the steam 
cooker shown in FIGS. 3 and 4; 20 
FIG. 6 is a perspecthm view of another altemate em- 
bodiment of a steam cooker of the present inven- 
tion; 

FIG. 7 is a longitudinally exploded view of an alter- 
native embodiment of a steam cooker as shown in 2s 
FIG. 6; 

FIG. 8 Is a closeup view of the arrangement of one 
of the cooking chambers within the steam cooker 
shown in FIGS. 6 and 7; 

FIG. 9 is a perspective view of yet another embod- ^ 
iment of the steam cooker of the present invention; 
FIG. 1 0 is a cross-sectional view of the steam cook- 
er which was disclosed in perspective view In FIG. 
9; 

FIG. 1 1 1s a cross^ectional view of the bottom por- ss 
tion of one embodiment of a steam cooker in the 
present invention; 

FIG. 1 2 is yet another embodiment of a steam cook- 
er of the present invention; 

FIG. 1 3 Is a cross-sectional view of the steam cook- 40 
er disclosed in FIG. 12; 

FIG. 14 is a perspective view of the rotary dryer of 
the present invention; 

FIG. 1 5 is a cross-sectional view of the rotary dryer; 
FIG. 1 5A is a cross-sectlonat view of the vibratory <s 
drainer which Is mounted at the opening of the ro- 
tary dryer (as seen in FIG. 14) in the preferred em- 
bodiment of this invention; 
FIG. 15B is an end view of the vibratory drainer 
shown in FIG. 15A; so 
FIG. 16 is a detailed view of the barrel assembly 
housed within the rotary dryer of the present inven- 
tion; 

FIG. 1 6A Isacross-sectional viewof the rotary dryer 
of the present invention; S5 
FIG. 168 is an end view of the barrel assembly, 
showing one arrangement of the containment 
mechanism that may be used in the invention; 



FIG . 1 7 is a schematic view of the flow of food gran- 
ules and water through the processing steps of the 
present invention, including the flow of recirculated 
water. 

Description of the Prefenred Embodiment 

The Overall Apparatus and Method 

[0025] In the preferred embodiment of the present In- 
vention, food granules are treated by prewashing, prest- 
eamlng, steeping, and then transferring the food gran- 
ules to a steam cooker, followed Isy transfer to one or 
more drying stages. After drying, the food granules may 
be packaged for distribution to the consumer. Further, 
the present invention advantageously utilizes water in 
an economical manner by limiting the total amount of 
water used in the processing of the food granules, and 
by limiting the amount of water excreted in the process- 
ing of the food granules. 

[0026] The amount of water used in the present in- 
vention of processing rice, for example, is usually the 
minimum amount of water needed to transmit required 
moisture and heat to each of the individual rice q rains, 
and to prevent the fomiation of the excess free starch 
point, i.e.. the "glue" point at which too much free starch 
is released, thereby causing the rice to accumulate, and 
to no longer move through the processing steps. This Is 
accomplished by adding water in quantities which are 
roughly equivalent to the amount that the rice can ab- 
sorb at each particular point in the process. Therefore, 
Increases in pressure and temperature will allow for 
smaller amounts of water to be used in processing the 
cereal grains, while achieving a desired level of gelati- 
nization of the cereal grains without release of excess 
free starch. 

[0027] The overall processing system can be seen in 
FIG. 1 . In FIG. 2, a flow diagram depicts an overview of 
the typical flow of food granules through the processing 
steps of the present invention. All these steps will be 
explained in greater detail below, flow diagram is pro- 
vided as an overview to the process. Food granules 58 
are first subjected to a prewash step 59 in apparatus 1 2 
illustrated in FIG. 1 . After prewashing, food granules are 
provided to a presteaming step 60 (shown by reference 
numeral 20 In FIG. 1), where they are presteamed In 
preparation for steeping and water absorption step 61 
which occurs within moving tanks or buckets 27 (as 
seen In FIG. 1 ). Of course, the buckets 27 seen in FIG. 
1 are merely schematic, and actual implementation of 
the conveyor containers may adopt a different appear- 
ance from that shown in FIG. 1 , while still performing the 
same function. After steeping, the food granules pro- 
ceed into steam cooker 90. where they are cooked, and 
are then provided along conveyor line 38 from the steam 
cooker to one or more optional stations. As one option, 
a mtorowave or radiowave heater 44 may be provided 
in-line, emd a gas Injection 42 may be provided to the 
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food granules. Further, an optional pneumatic conveyor 
heater 40 may appiy heat to the food granules. 
[0028] Upon exiting the cooker and proceeding 
through conveyor line 38, the food product Is preferably 
entrained in a water slurry, which proceeds into vibratory 
drainer 300 where water is drained from the slurry. The 
food granules then enter the rotary dryer 32. where the 
food granules are dried in various temperature zones. 
Further, In an optional step the food granules may be 
provided to a bed dryer 1 4, or a vertical dryer 1 5, or both, 
and the final product 54 (see FIG. 2) is dried and ready 
for packaging. 

[0029] Refening back to FIG. 1 , food processing sys- 
tem 10 includes prewasher 12 which receives the un- 
cooked food granules, and performs a prewashing step. 
Input 22 provides water to the prewasher 12 whtoh Is 
preferably ambient temperature at a temperature of ap- 
proximately 25^C. if desired, the prewasher may be sup- 
plied with a hot or cold water input, not shown in FIG. 1 . 
A hot water input might be used in cases where it is de- 
sired to optimize free starch or surface starch removed. 
Prewashing may occur using any of the standard meth- 
ods of prewashing rice known in the art. The preferred 
method is the so-called "Jrff-Rice" system, disclosed in 
Patent Bulletin No. 51 -22063 and in Japanese Patent 
No. 57/141257, whtoh are incorporated by reference. 
[0030] In general, a Jiff-Rice unit prewashes rice by 
using a rotating centrifugal water application and sepa- 
ration method. Basically, the rice is washed in water, and 
the water is thrown off of the rice by centrifugal force in 
the turning of a centrifugal drum within the prewasher. 
In the prewasher 12, rice typically is washed for only 
about 1 0 to 60 seconds. If the Jiff-rice process Is not 
being employed, 1 0 seconds is the preferred time, if the 
Jiff-Rice system is employed, then the washing time 
may be as much as 60 seconds or perhaps even more. 
This prewashing Is known in the art pursuant to the 
above-described patents, and perhaps other patents. 
[0031 ] The prewashing serves to provide some mois- 
ture to the rice, without giving it too much moisture in 
the eariy stages of the process. If rice or other uncooked 
food granules are given too much water early in the 
process, undesirable gluing effects will be observed, 
slowing the transport of the food granules through the 
cooking apparatus. 

[0032] After the relatively brief prewashing step, food 
granules are deposited upon conveyor 1 6 for transport 
into the presteamer unit 20, which is supplied with steam 
from steam line 49. The presteamer is preferably a bed 
conveyor-type steam unit, of the type known in the art 
which sprays steam onto the bed of food granules as 
they pass through the steamer from above the conveyor 
down onto the conveyor, and also from below the con- 
veyor onto the food granules. The prasteaming step is 
Important to the overall invention because the food prod- 
uct is exposed to a relatively brief amount of heat and 
moisture, in order to avoid damaging or mobilizing sur- 
face starch in the eariy stages of cooking of the food 



granule. In the prefen^ed method, each individual gran- 
ule of rice will be subjected to the presteamer operation 
for approximately 5 to 30 minutes. Of course, this may 
be modified as desired, and presteaming time will de- 

s pend upon the variety of the product being produced. 
[0033] The presteaming step assists food granules, 
and in particular, assists cereal grains such as rice in 
at>sori3ing a relatively small, but appropriate, amount of 
water at this point in the process. This step, therefore, 

10 prepares the rice granules to be in a condition for ab- 
sorbing further quantities of water in appropriate 
amounts in subsequent steps, in the process of the 
present invention, one of the most important factors is 
that the cereal grains are presteamed before they are 

IS steeped in the buckets 27 in route to the steam cooker 
This process facilitates a controlled moisture input into 
the food granules or cereal grains that increases the 
ability of the food particle to be cooked without showing 
undesirable gluing effects. In particular, the water whk^h 

20 is transported along with the cereal grains during cook- 
ing is less likely to contain large amounts of loose starch 
which has been extruded from the cereal grains where 
a presteaming and a short steeping step are provided, 
as in the present invention, before steam cooking the 

25 rice. 

[0034] After the food granules pass through the prest- 
eamer unit 20, they are deposited into buckets 27 whtoh 
are intenmittently advanced upon conveyor line 50. The 
prepared conveyor/bucket system Is of a commercially 

30 available design from NippankI Industrial Co. , Ltd. of Ja- 
pan. Preferably, approximately 50 pounds of food gran- 
ules are deposited into each bucket along conveyor line 
50. Sensing mechanisms (not shown) detect when the 
bucket receives a full load of food granules, and at that 

ss point the conveyor system advances one station to a 
point at whteh the dispenser line mixture 34 dispenses 
water into the bucket 27, for a steeping step. 
[0035] The dispenser line mixture 34 may be com- 
prised of fresh hot water which comes from hot water 

40 line 1 8, or may be comprised of recirculated water from 
recirculated water line 30. Depending upon the type of 
food granules processed, and the processing conditions 
required, it may be possible to provide recirculated, or 
recycle water, from recirculated water line 30, which has 

45 already been processed, back into buckets 27 for reab- 
sorptlon by food granules, thereby minimizing the 
amount of water used in the overall processing system, 
and reducing the amount of waste water which is excret- 
ed in the overall processing of the food granules. 

so [0036] The amount of water introduced into each 
bucket 27 is typk»iiy the amount of water needed to pro- 
vide a ratio of about 1 :1 between the amount of food 
granules introduced into the bucket, and the amount of 
water introduced into the bucket, on a weight basis. In 

ss particular, the amount of water introduced is regulated 
such that it may be completely absorbed, or neariy com- 
pletely absort>ed, by the food granules before they are 
deposited Into the steam cooker 90. The steeping water 
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provided into buckets 27 is preferably about 80*^C, al- 
though the water temperature will vary for different 
processing conditions and different food granules. Fur- 
ther, in the processing of rice, different varieties of rice 
may require a different water temperature for steeping. 
Each 50 pound charge of food granules which is depos- 
ited into bucket 27, and then supplied with water, then 
proceeds in stepwise fash ion towards the steam cooker 
90. Preferably the rice will remain in its associated buck- 
et and hot water for approximately 5-30 minutes (de- 
pending upon processing conditions and variety of food 
product). Thepreferredtimef or milled white rice is about 
10 minutes for appropriate steeping and absorption of 
the water Into the rice granules. Upon reaching the 
steam cooker, the contents in each bucket are emptied 
into the steam cooker, and each bucket Is retumed back 
to the deposit station along the undercarriage of the con- 
veyor line 50. A bucket cleaning station may be included 
if needed. 

[0037] After proceeding through the steam cooker 90, 
which will be described in more detail In the description 
that follows, the cooked rice and water slurry emerges 
along conveyor line 38, where it advances to a vibratory 
drainer 300, and then to a rotary dryer 32. However, one 
or more optional steps may occur between the steam 
cooker and the rotary dryer, Including the application of 
mtorowaves, radiowaves, or other electromagnetic radi- 
ation to the food granules at microwave heater 44. As 
another option, the food granules may be subjected to 
a gaseous substance, such as cartDon dioxide at gas In- 
jection station 42. As another option, depending upon 
the type of food granules processed, a pneumatic con- 
veyor heater 40 may be provided to flash off excess wa- 
ter prior to entry of the food granules into the rotary dryer 
32. 

[0038] Further, chemical treatments of the rice may 
be desirable In some cases. The food granules may be 
conditioned by the addition of lecithin, rice oil, sugar, 
phosphoric acid, adipic acid or other acids. In the 
processing of rice, for example, such chemical additives 
are useful in improving the quality of the final product. 
[0039] It should be noted that the gas Injection and 
the mterowave heating may serve several functions, in- 
cluding drying the surface of the food particles to fecill- 
tate the entry of water into the particle, thereby softening 
the food granule. In the case of rice, for example, mtero- 
wave heating of the grain produces small fissures In the 
exterior of the grain, allowing for moisture entrapment 
within the grain during cooking, providing a highly desir- 
able rice product. Carit>on dioxide gas may be provided 
to cereal grains in order to improve the texture and to 
aid gelatlnlzatlon of the starch within the grain for a more 
consistent cereal grain product that Is more evenly 
cooked and more desirable to consumers. Due to the 
nature of the functions provided by these steps, they 
might be performed, either individually or in combina- 
tion, or at other additional or different points In the overall 
process. 



[0040] Upon arriving at rotary dryer 32, the food prod- 
uct Is exposed to hot air in a manner to be lescribed in 
greater detail below. An aitematetypebumer might also 
utilize sonic energy to aid drying. The food granules pro- 

s ceed through the rotary dryer, and optionally may pro- 
ceed Into a bed dryer 14. Whether or not a bed dryer is 
required will depend upon the type of food granule proc- 
essed, and the degree of drying desired. After drying in 
the bed dryer, food granules may optionally proceed to 

10 a vertteal dryer 15. Vertical dryer 15 is adapted for re- 
ducing the moisture content of food granules to a greatly 
reduced level. Both the bed dryer and vertical dryer are 
of conventional des^n. 

[0041 ] Various aspects of the overall process will now 
IS be examined In greater detail. 

The Preferred Embodiment of the Steam Cooker 

[0042] Steam cooker 90, the preferred embodiment 
^ for steam cooking in the present invention, is shown in 
FIG. 2A. The food granules, which have absorbed water 
just prior to entry into the steam cooker, proceed along 
conveyor line 50 as seen at the top of FIG. 2A. The food 
granules, with absorbed water, are deposited from buck- 
25 et 27 Into the top portion of the steam cooker90. Further, 
hot water line 1 8 provides hot water to hot water line 99 
to the lower section of the steam cooker 90, and this 
water may be used to flush the food granule slurry out 
of the steam cooker, and to provide an aqueous medium 
30 of transport of the siuny to the rotary dryer. (See FIGS. 
3-5). 

[0043] Flow direction arrow 95 shows the direction of 
flow of the uncooked food granules into the steam cook- 
er. A hot water line 1 8 provides hot water for cleaning 

35 jet nozzles 91 which are located in the top portion of the 
steam cooker 90. The food granules are deposited onto 
drain screen 93, where they are vibrated, and moisture 
is allowed to drain from the food granules prior to their 
passage through steam chamber aperture 31 2 seen at 

40 the top and center portion of FIG. 2A. The circular re- 
tention bowl 92 receives the food granules, and directs 
them downward into the steam chamber aperture 312 
with the vibrational a^ion of the drain screen 93. 
[0044] The food granules proceed through steam 

^ chamber aperture 312 into the lower portion of the 
steamer as seen in FIG. 2A. A plurality of steam lines, 
for example steam line 31 8 and 31 0, are seen entering 
the steamer wall 306, where they provide steam to the 
food granules on the interior of the steamer 90. Rotating 

50 shutters 308 are seen in cut-away view and in phantom 
lines at the mkJdIe and lower portion of FIG. 2A. The 
rotating shutters 308 are rectangular in shape, and ex- 
tend between the side walls of the steamer, and contain 
steam ports 320 upon their upper surface. Food gran- 

55 utes proceed through the various stages, or layers, of 
rotating shutters In stepwise fashion, where they even- 
tually are released into hopper 314, seen at the lower 
portion of FIG. 2A. The hopper is typteally a water filled 
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bath which cools the food granules, and provides a slur- 
ry nnedium In which food granules proceed prior to ad- 
vancement through exit chute 316 out of the steam 
cooker 90. Water lines, gas lines or vacuum lines may 
be provided in the region of the exit chute 31 6 to facilitate s 
the discharge of food products from the cooker. Such 
equipment is more fully discussed in connection with the 
embodiment of FIGS. 3-5, but c. 1d preferably be em- 
ployed in this embodiment as well could. 
[0045] FIG. 2B shows a cross-section of the lower 
portion of the steam cooker previously described In FIG. 
2A. At the top of FIG. 2B, the steamer wall 306 is seen 
on either side of the figure, with four vertically spaced 
layers, or rows, of rotating shutters 308 extending later- 
ally between steamer walls 306. FtG. 2B shows the pre- 
ferred embodiment of the invention, that Is, a series of 
rotating shutters 308 to advance the food granules from 
one stage to the next in sequence. Further, it may be 
seen that the lower portion of the cooking apparatus 
seen in FIG. 28 is somewhat wider than the upper por- 
tion, allowing for greater throughput of the food gran- 
ules, with maximum cooking effectiveness and mini- 
mum adverse "gluing" effects, and also to allow for 
swelling of the food product, such as rice, due to the 
absorption of water. Perforated steam lines 324 are 
seen in cross-section in FtG. 28, where they proceed 
laterally beneath rotating shutters 308. The perforated 
steam lines serve two functions. First, ihey provide 
steam forthe cooking of thefood granules. Second, they 
provides axes or hinges of rotation forthe rotating shut- 
ters 308. Shutter gap space 338 is the operating gap 
between rotating shutters 308, and it facilitates free ro- 
tation of the shutters, while still retaining food granules 
within each layer of the steam cooker. FIG. 2C, whtoh is 
discussed in more detail below, shows the rotated posi- 
tion of the shutter 309 seen in phantom lines in FIG. 2C. 
Each of the shutters seen in FIG. 28 functions by rotat- 
ing as shown in FIG. 2C. 

[0046] Perforated steam lines 322 and 324 in FIG. 28 
provide steam to cook food granules. Further, steam Jet 
326 extends downwardly and somewhat laterally from 
the perforated steam lines, and steam ports 320 are ev- 
ident on the top side or upper side of each rotating shut- 
ter 308, to provide steam upward Into the food granules. 
In this way, each charge of food granules is steamed 
from above and below as it proceeds in stepwise fashion 
through the steam cooker 

[0047] FIG. 2C shows a closeup view of one rotating 
shutter 308 and its associated perforated steam line 
322. In particular, it may be seen that steam ports 320 
exist upon the upper side of the rotating shutter 308, and 
steam is allowed to exit these ports. Steam conduit 334 
carries steam through the center of the perforated steam 
line 322. Outer steam line wall 336 serves as a pivot 
point, or hinge, upon which the rotating shutter 308 may 
turn on its axis approximately 90^. The rotated position 
of the shutter 309 is seen in the phantom lines extending 
from the top to the k>ottom of FIG. 2C. Steam conduit 



334 carries the steam from the exterior of the steam 
cooker to the steam Jet nozzle 322 and the steam ports 
320. Steam jet 326 is seen as it exits from the steam Jet 
nozzle 332. The axis of rotation of rotating shutter 308 
Is shown by arrows at axis 328 and axis 330. 
[0048] In the operation of the steamer seen at FIGS. 
2A-2G, rice falls through aperture 31 2 and comes to rest 
on top of the uppermost row of closed shutters 308. 
While in this position, steam is provided to the rice for 
an appropriate duration of time from steam ports 320 
and 322. The shutters will then be rotated to cause the 
rice to fall and be collected on the immediately adjacent 
vertically spaced row of closed shutters, where the rtee 
will be subjected to further steam and cooking. The rice 
will then proceed through the cooker onto each Imme- 
diately adjacent row of shutters for being subjected to 
further steam, until the rice has achieved the appropriate 
degree of cooking and moisture absorption. 
[0049] The pref en-ed operation Is to rotate tiie rotating 
shutters by extemal activation approximately once per 
minute to minute and a half in the case of white rice. 
Other types of rice would use other processing condi- 
tions, and might require a longer or shorter period of time 
between actuation of the rotating shutters. Once actu- 
ated, the rotating shutters would rotate from a few de- 
grees to as much as 90"*. as necessary to facilitate the 
movement of the food granules from one stage (zone) 
down to the next zone. In actual practice, the steamer 
preferably would have approximately 10 zones, upon 
which food granules would proceed In stepwise fashion 
through rotating shutters. For illustrative purposes, only 
approximately four or five zones are shown in FIGS. 2A- 
2C. Different types of food granules and different varie- 
ties of rice might require a different number of zones, 
and as few as two or three zones, or less, might be re- 
quired for certain applk»tk)ns, while as many as 30 
zones might be desirable in other applications. 
[0050] The actuating method for the rotating shutters 
may be accomplished by using a motor, hydraulic equip- 
ment, or perhaps pneumatic air equipment. The total 
residence time of rice in the steamer is approximately 5 
to 30 minutes, in the case of long grain white rice. It is 
less or more for other varieties of rice, and for other va- 
rieties of food granules. The residence time for short 
grain rice (i.e., faster hydrating rices) is likely to be less, 
while the residence time for slower hydrating rices, such 
as parboiled and brown, and wild rice is likely to be 
greater, in the case of long grain white rice, the weight 
of rice to be held by each rotating shutter in each stage 
(preferably) is approximately 2.8 kilograms. Further, the 
thickness of the rice layer, in the case of long grain white 
rice, would preferably be approximately five centime- 
ters. In order to secure the dropping of rice by turning 
the rotating shutters, the thickness of the rice upon the 
top of each rotating shutter would preferably be smaller 
than the rotating radius of the rotating shutter 308, to 
facilitate the movement of rice from one zone down to 
the n^ zone. In some applications, it may be desirable 
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to feed rice or food granules out of the steam cooker 
and directly Into a rotary dryer. However, In the preferred 
embodiment, and as seen In FIG. 1 , It Is believed that 
pumping the rice from the steam cooker in the torn of 
a slurry, Into a vibratory drainer 300, and then Into the 
rotary dryer Is the most efficient method for the process- 
ing of rice. The processing of food granules, and differ- 
ent varieties of rice, may occur by different methods. 
[0051] In the preferred operation, the pressure within 
the cooker wiil be kept below 1 5 psi in order to avoid 
high pressure regulations which are imposed upon such 
high pressure vessels. As the rice exits the cooker, its 
water content will be approximately 50%-65% water. 
These general conditions will apply not only to this pre- 
ferred embodiment, but also the other embodiments of 
cookers as well. 

Alternative Embodiments of the Steam Cooker Using a 
Central Rotating Mechanism 

[0052] FIG. 3 shows an alternate embodiment for the 
steam cooker of the present invention. In FIG. 3, steam 
cooker 87 Is shown, and the food granules, which have 
absorbed water just prior to entry into the steam cooker, 
proceed along conveyor line 50 as seen at the top of 
FIG. 3. In this alternate embodiment, the food granules, 
with absortaed water, are dumped from bucket 27 into 
the top portion of the steam cooker 87. Flow direction 
arrow 95 again shows the direction of flow of the un- 
cooked food granules Into the steam cooker. A hot water 
line 18 provides hot water for cleaning Jet nozzles 91 
which are located In the top portion of the steam cooker 
87, and also provides hot water to hot water line 99. The 
food granules are deposited onto drain screen 93, 
where they are vibrated, and moisture is allowed to drain 
from the food granules prior to their passage through 
food granule inlet 94, which Is seen at the top and center 
portion of FIG. 3. The large circular retention bowl 92 
receives the food granules, and it directs them down- 
ward into the food granule inlet 94 with the vibrational 
action of the drain screen 93. 

[0053] Different processing conditions and different 
types of food granules will determine what type of steam 
cooker is most desirable for each application. For ex- 
ample, the preferred embodiment of the present Inven- 
tion Is the steam cooker shown In FIGS. 2A-2C, and It 
is preferred for long grain white rice. Nevertheless, short 
grain rice or other varieties of rice, such as parboiled 
rice, may be more advantageously cooked using the ro- 
tating mechanism of the steam cooker shown in FIGS. 
3-5, or perhaps in the alternate embodiments seen in 
FIGS. 6-12. Each of the steam cookers shown in this 
specification is contemplated as part of this invention, 
and different varieties of food granules will preferably 
use different variations of the steam cooker. 
[0054] Food granules are deposited into the housing 
89 whteh contains the propeller assembly 97 (the cylin- 
drical dotted portion seen at the center of FIG. 3). The 



propeller assembly 97 comprises several parts, which 
wiil be seen In the exploded and detailed view of FIG. 4. 
[0055] Steam lines 49 provide steam to the exterior 
wail of housing 89 as seen in FIG. 3. Further, rotary 

5 blades 98 are seen in phantom lines atthe center of FIG. 
3, as part of the propeller assembly 97. IHot water line 
99 provides hot water to the hopper 80, which may be 
used to flush the food granule slurry from the hopper, 
and to provide a water transport means to the rotary dry- 

10 er. Recirculated water line 30 also extends into the hous- 
ing 89. 

[0056] At the lower portion of FIG. 3, steam line 49 is 
seen entering the housing, and hot water line 96 pro- 
vides hot water to the lower portion of the steam cooker 

IS comprising the hopper 80. At the lower portion of FIG. 
3, in phantom, can be seen the rotating crank shaft 1 03. 
The rotating crank shaft 1 03 is connected to the propel- 
ler assembly 97, and it rotates, causing the rotation of 
the rotary blades 98. 

^ [0057] During operation of the steam cooker, the ro- 
tary blades 98 act to propel the food granules from the 
top of the cooker down to the bottom of the cooker. The 
blades also support the food granules, and provide a 
unrfomn mixture of food granules while the granules are 

2S being steamed in the steam cooker. Further, the rotating 
action provided by rotating crank shaft 103 assists In 
preventing the gluing and sticking together of the food 
granules, which may otherwise occur. 
[0058] Support frame 112 supports the steam cooker, 

30 and power Is provided to the rotating crank shaft 1 03 by 
way of motor 102, which is connected to a belt 100 
wrapped around a pulley 101 . 

[0059] In FIG. 4, an exploded and detailed view of the 
propeller assembly 97 Is provided. The central axis 109 

35 of the propeller assembly is seen as dotted lines. FIG. 
4 also shows a rotating scnaper cap 105 upon which Is 
mounted an optional scraper connecting unit 107, only 
part of which is shown In FIG. 3. The scraper connecting 
unit 1 07 is connected to two separate scraper arms 1 06, 

40 which in turn are connected to scrapers 1 04. The rotat- 
ing scnaper cap 1 05 is fixedly connected to the rotating 
crank shaft 1 03 which extends up through the entire as- 
sembly as shown In FIG. 4. The scrapers rotate to effect 
a unifomi distribution of the food granules as they enter 

45 the interior of the steam cooker 90. 

[0060] At the center and left portion of FIG. 4, the 
housing 89 is seen in cut-away view whereby the sta- 
tionary blades 108 may be seen on the interior wail of 
the housing 89. Twelve stationary blades are shown on 

so the cut-away section, which comprises approximately 
one-half of the entire housing 89. Steam chamber 110 
may be seen on the exterior periphery, and it is within 
the steam chamber 110 that steam is injected by way of 
steam lines 49 and then distributed inward through po- 

55 reus wall 123. Porous wall 123 may be fomned, for ex- 
ample, by a cylindrlceUly shaped portion of steel or alu- 
minum mesh. 

[0061] Furttier, in FIG. 4, the rotating cylinder 111, 
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which is connected to the rotating cranic shaft 103 is 
seen at the top right portion of FIG. 4. it rotates within 
the housing 69, and comprises a plurality of rotary 
blades 96 which are arranged in three distinct zones 
along the longitudinal length of the rotating cylinder 111. s 
The rotary blades 98 assist in advancing the food gran- 
ules through the cooking apparatus, and also provide a 
platform upon which the food granule slurry may rest, to 
prevent the pressure of the slurry from becoming so 
great that targe globules are fonned within the chamber. 
Thus, rotary blades 98 and stationary blades 108 help 
to keep the food granule slurry both supported and 
mixed, to prevent globular portions from fonning within 
the steam cooker 90. 

[0062] The rotating cylinder 1 1 1 is mounted upon the 
rotating crank shaft 1 03 which extends along the central 
axis 109 up through the rotating cylinder 111 where It 
engages the rotating scraper cap 105. 
[0063] Steam water mist tine 114 extends up through 
the interior of the rotating crank shaft 103 to provide a 
mixture of steam and watermistto the food granule slur- 
ry. Further, steam line 49 Is provided with a plurality of 
steam nozzles 113 which are located along the Interior 
of rotating cylinder 111 , and provide jets of steam from 
the interior through the wall of the rotating cylinder 111 
and out into the chamber where the food granules are 
contained. Like exterior wall 123, rotating cylinder 111 
is porous to pemnlt the passage of steam. Thus, the food 
granules receive steam from two directions, from steam 
chamber 110 from the outside, and from the inside by 
way of steam nozzles 1 1 3, In order to achieve more uni- 
fomn cooking and water absorption. 
[0064] At the lower right portion of FIG. 4, one can see 
housing 69 which is shown in a cut-away view, and hot 
water line 99 extends out from the housing. Recirculated 
water line 30 drains excess water from the interior of the 
steam chamber and, as seen In FIG. 1 , provides recir- 
culated water for reabsorption along dispenser line mix- 
ture 34 back into buckets 27. In this way, less water is 
utilized In cooking, and more water is retained within the 
processing system. 

[0065] Spoke 1 1 5 provides a structural member sup- 
porting the steam cooker, and a hopper 80 essentially 
comprises a water bath near the lower portion of the 
steam cooker upon which the rice falls after it Is cooked. 
Steam line 49 enters the steam chamber through the 
wait of hopper 80. Hot water line 99 also provides hot 
water, if needed, to the hopper 80. In some cases, a hot 
water flush may be desirable to flush globules of food 
granules out of the hopper 80, and into conveyor line 38 
for transfer to the rotary dryer 32. Power Is provided to 
the rotating crank shaft 10 by way of motor 102, which 
is connected to belt 100, wrapped around pulley 101 . 
[0066] FIG. 5 depicts a cross-section of the steam 
cooker shown In FIGS. 3 and 4. At the top of FIG. 5, 
uncooked food granules 62 are dumped Into the reten- 
tion bowl 92, where they are vibrated upon drain screen 
93. IHot water line 1 8 is seen at the top of the retention 
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bowl 92, where it provides a plurality of cleaning Jet noz< 
zles 91 that may be used to clean the screen or to pro- 
vide a hot water spray upon the food granules If desired. 
[0067] Vibration of the drain screen 93 is provided by 
vibratory motor 117, which provides vibrating action for 
the entire drain screen. Water is drained into drain space 
118 around the periphery of the food granule inlet 94, 
and the water is collected and drained away through 
streamer drain line 37. As seen in FIG. 1 , the contents 
of steamer drain Iine37 is laterfiltered, and some portion 
of that water may be reused and reabsori^ed along the 
dispenser line mixture 34 Into bucket 27 (see Fig. 1). 
Also, some portion of this recirculated water may be 
drained at drain 29 as seen In FIG. 1 . 
[0068] FIG. 5 Illustrates the manner In which the food 
granules proceed through the food granule inlet 94 as 
indicated by the arrow at the top. The granules are dis- 
persed, and fall upon the rotary scraper cap 1 05, where- 
in scrapers 1 04 rotate in distributing the food granules, 
and helping to feed them into the steam cooker. Scraper 
connecting unit 107 Is seen as it forms its connection 
between rotating scraper cap 1 05 and scrapers 1 04. 
[0069] The food granules then proceed Into the steam 
cooker in a continuous batch, and they are mixed and 
distributed with the assistance of stationary blades 1 08, 
which do not move, and rotary blades 98, which are ro- 
tated in three discrete zones as seen In FIG. 5. around 
the periphery of the rotating cylinder 111. The rotary 
blades contain on their underside a steam line 1 22, from 
which steam nozzles 124 provide steam to the food 
granules within the chamber. These steam lines 122 re- 
ceive steam from water mist line 14. 
[0070] Rotating crank shaft 1 03 rotates the rotating 
blades 98 at a relatively low rate of speed, in the range 
of 1 rpm to 10 rpm and preferably about 5 rpm. Care 
should be taken not to agitate the granules to any sig- 
nificant degree, so as to avoid breakage of the individual 
kemels. As a result, the rice proceeds through the cook- 
ing chamber, being steamed from the exterior by a plu- 
rality of steam jets around the circumference of the 
cooker, which are contained within steam chamber 110. 
Steam lines 49 are seen as they enter from the exterior 
of the steam cooker Into the Interior space of steam 
chamber 110. 

[0071] Hot water line 99 Is seen on the right side of 
FIG. 5, and level sensor 116 Is slightly below hot water 
line 99. Below that can be seen recirculated water line 
30, which may drain off excess water from the hopper 
80 and provide it to be recirculated and perhaps reab- 
sorbed In buckets 27 as seen In FIG. 1 . Sensor 125 is 
seen below redrcuiated water line 30. and it operates 
to sense the temperature of the water to prevent the wa- 
ter temperature from becoming too great. This sensor 
may assist in minimizing starch damage and gluing ef- 
fects. 

[0072] As Shown in FIG. 5, hopper 80 is seen as the 
portion of the steam cooker wherein the rice falls after 
it is thoroughly mixed and cooked. Steam line 49 is seen 
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at the lower left portion of FIG. 5, and hot water line 96 
is provided in the region of the hopper 80 to facilitate a 
hot water flush, if desired. 

[0073] Motor 102 provides power generated by way 
of belt 1 00, which drives pulley 1 01 , thus turning the ro- 
tating crank shaft 1 03. Steam line 49 and hot water ilne 
18 are seen at the very bottom of FIG. 5, where they 
enter the region of the crank shaft 1 03 and proceed up- 
ward as seen in the dotted phantom lines along the in- 
terior of the crank shaft 1 03. The steam water mist line 
1 1 4, which provides a steam water mist to the food gran- 
ules within the chamber, may be adjusted to provide the 
desired mixture of water and steam which is necessary 
for cooking the particular variety of food granule. Some 
food granules may require more water and less steam, 
while others require more steam and less water to fully 
cook the granules prior to exit from the steam chamber. 
[0074] In the preferred operation, rice will remain with- 
in the cooker 90 for approximately 1 0 to 1 5 minutes, ap- 
proximately the same amount of residence time as in 
the steeping operation. Thus, the steeping and cooking 
operations may be coordinated. While the rice is in the 
cooker, it will continue to absorb water in an optimal 
manner, i.e., in an amount roughly equivalent to the 
amount of water that can be absorbed by the granules 
at that point in the process, and the starches are gelat- 
inized. The temperature and pressure within the cooker 
will be coordinated to achieve optimal results forcooking 
the rice while avoMing undesirable "gluing" or sticking. 

Further Altemate Embodiments of the Steam Cooker 

[0075] In general, it should be noted that numerous 
embodiments of steam cookers may be used in the 
present Invention. Different arrangements of the cooker 
will be preferred for different types of food granules, and 
different varieties of cereal grains or different varieties 
of rice may require variations in the design of the stecmi 
cooker to maximize cooking effectiveness. 
[0076] FIGS. 6-8 illustrate an alternate embodiment 
of the present invention, whk:h also may provide advan- 
tageous results for steaming certain types of food gran- 
ules such as certain varieties of rice. Bucket 27 is seen 
at the top of FIG. 6 where it proceeds along conveyor 
line 50, dumping a load of uncooked food granules 62 
into the top portion of the steam cooker. 
[0077] The granules are deposited into a funnel seg- 
ment 84 at the upper end of the steam cooker The un- 
cooked food granules 62 preferably will free-fall upon 
cone spreader 78 where the food granules are distrib- 
uted in an even fashion around the periphery of cone 
spreader 78. Further, funnel segment 64 may be seiec- 
tfvely rotated to assist in the even distribution of food 
granules around Its periphery, thus assisting in the uni- 
fomn and complete cooking of food granules. The rota- 
tion could be clockwise or counter-clockwise, and in the 
prefen^ed embodiment, the rotation of the funnel seg- 
ment 64 would be In the same direction (I.e., clockwise 



or counterclockwise) as the rotation of the discharge 
segment 68. 

[0078] In the steam cooker 46, cylindrical housing 74 
is comprised of a plurality of segments, including funnel 

5 segment 64, middle segment 66, and discharge seg- 
ment 68. Pipe entry segment 1 48 is located between the 
middle segment 66 and the discharge segment 68 in the 
preferred embodiment as seen in FIG. 6. Through seg- 
ment 148, hot water line 18 and steam line 49 enter the 

10 cylindrical housing 74, as seen in FIG. 6. The food gran- 
ules proceed through the segments, and they are picked 
up by the rotating discharge segment 68 as it tums on 
Its central axis. The food granules proceed into hopper 
80, and then fall Into venturi segment 84. 

IS [0079] The flow rate of food granules through the 
steam cooker may be inhibited, especially near the dis- 
charge end of the steam cooker at hopper 80. To en- 
courage free flow of food granules through the hopper, 
and especially in the case of cereal grains or rice prod- 

20 ucts, which may exhibit a gluing effect which prohibits 
advancement of the rice grains through the steam cook- 
er, the venturi segment 84 may be provided with an air 
or gas feed line 82 (which could alternatively provide a 
vacuum) that provides air or gas pressure (or a vacuum) 

25 to assist in the advancement of the food granules from 
the butterfly valve 86 to exit the steam cooker through 
butterfly valve 88. 

[0080] The rotation of various segments of the cylin- 
drical housing in the altemate embodiment, as seen In 

30 FIGS. 6 and 7, provides for greater unlf onnity of cooking 
and distribution of food granule flow through the steam 
cooker. In the case of cereal grains, once the cereal 
grains pass into the steam cooker, the goal is to cook 
the grains at the lowest possible moisture content to re- 

35 duce the amount of time required in the steam cooker. 
A reduction in the moisture level and the time required 
for cooking is advantageous, but the reduction In mois- 
ture level must not be so great as to cause undesirable 
gluing effects within the cavity of the steam chamber. 

40 This principle applies not only to this embodiment, but 
to ail in this disclosure. 

[0081] Typically, only a small amount of pressure is 
achieved within the steam chamber of FIGS. 6-1 2, as in 
the preferred embodiment shown in FIGS. 2A-2C, and 

45 the altemate embodiment seen In FIGS. 3-5; the pres- 
sure Is preferably maintained below 15 psi to avoid the 
necessity for complying with governmental regulations 
and local codes for pressurized vessels. This, of course, 
is only preferable and may be modified as desired or 

so needed. The pressure is maintained by the downward 
force of the rice within the vessel and by the introduction 
of steam under pressure Into cooking chambers. 
[0082] A small open! ng 75 at the top of conical section 
78, as seen in FIG. 6, penmits steam to escape from 

55 within the cooking vessel, but the opening is sized to 
restrict the escape of steam in order to achieve the de- 
sired interior pressure. 

[0083] The vessel is typically operated at a pressure 
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of approximately 5 psi, but this may be varied as desired. 
A greater pressure wlttiin the steam chamber will in- 
crease the temperature of the chamber, without a cor- 
responding addition of moisture. Thus, the primary var- 
iables in the cooking of food granules are the pressure, s 
the temperature, and the moisture content of the food 
granule slurry. 

[0084] In the embodiment shown in FIG. 6, there is 
synchronized rotation between the discharge segment 
68 and the funnel segment 64. Hot water Is provided 
through hot water line 1 8 at a temperature of between 
90^C and 1 0O^C. It is preferred that the coolcer be ar- 
ranged vertically, so that the flow of food granules 
through the cooker Is assisted by gravity. The average 
time a particular food granule resides in the steam cook- 
er Itself is preferably about 10 to 15 minutes, although 
cooking times will vary widely for different types of food 
granules. A synchronized rotation between segments 
64 and 68 of about 5 revolutions per minute is the max- 
imum typically used; the minimum rpm of the rotating 
segments is 0.2 rpm. 

[0085] in FIG. 7, an exploded view of the cooker of 
FIG. 6 is shown. Steam Jet 76 emerges from the top of 
cone spreader 78 in thefunnei segment 64. Funnel seg- 
ment 64 rotates, preferably in synchronous rotation with 
discharge segment 68. Along the central axis of the 
steam cooker Is central hot water line 1 38 and central 
steam line 140. These two lines provide hot water and 
steam to the cooking chambers 142 which are arranged 
around the periphery of middle segment 66. 
[0086] The cooking chambers are preferably separat- 
ed by partitions 143, although it is not required that the 
chambers be separated in such a way. Pipe entry seg- 
ment 148 is located between middle segment 66 and 
discharge segment 68, and it provides for entry of the 
hot water line 1 8 and steam line 49 from the exterior of 
the steam cooker Into the plenum chamber 144, which 
is the chamber running along the center of the steam 
cooker from which steam and hot water emanates into 
the cooking chambers radially outwardly. Discharge 
segment 68 is provided with a spreader window 1 54 
which, when the discharge segment 68 Is rotated, pro- 
vides a uniform distribution and spreads the food gran- 
ules In an even manner as they emerge from the various 
cooking chambers 142. 

[0087] Spreading of the food granules in this way pro- 
vides for more unlfomri cooking, and a more advanta- 
geous distribution as the food granule slurry proceeds 
through the processing of the present invention. Hopper 
80 collects food granules and they are discharged 
through venturi segment 84, whk^h comprises butterfly 
vah^e 86 and butterfly valve 88. Air or gas may be pro- 
vided along air or gas feed line 82, and a vacuum may 
be pulled to provide a venturi effect which may advance 
food granules out of the steam chamber more efficiently. 
[0088] In FIG. 8, a pie-shaped section of a cooking 
chamber 142 is seen in expanded view, which shows 
two partitions 143, the exterior wall 146 and the perfo- 



rations 152 on the Interior perforated wail 150. Hotwater 
and/or steam may be provided through perforations 152 
to the food granules residing in cooking chamber 142. 
Additionally, openings may be provided in the exterior 
wall 146 to receive hot water and/or steam from asuppty 
plenum (not shown). In this manner, steam is provided 
from two different directions in orderto provide more uni- 
form cooking and to better regulatethe water supply and 
Eibsorption. 

[0089] in operation of the embodiment shown in FIG. 
7, rice is conveyed in buckets 27 by way of conveyor 50 
to the funnel segment 64, where it Is deposited Into the 
funnel segment. Food granules will accumulate in each 
chancer and will be subjected to an Intemal pressure 
of 5-15 psI. Atypical residence time of the food granules 
within a chamber will be approximately 1 0 to 1 5 minutes, 
although this can be varied as desired. Most preferably, 
steam will besupplled both from the openings 152 (FIG. 
8) and from openings in the exterior wall 146, in order 
to achieve as much unifomilty In the exposure of each 
individual grain as Is practteal. 

[0090] As indicated above, food granules will accu- 
mulate in each cooking chamber by virtue of discharge 
segment 68. As will be appreciated, opening 1 54 in seg- 
ment 68 permits only a limited amount of food granules 
to drop by gravity from each cooking chamber. Surface 
155 provides a support surface on which the cooked 
food granules rest, until opening 154 passes each 
chamber In turn to penmlt a limited quantity of rice to 
drop. 

[0091] In FIG. 9, still another altemate embodiment of 
the steam cooker Is disclosed. Food granules are pro- 
vided into input funnel 172 where they fall into entry 
chamber 174 and upon the surface of cone spreader 78. 
In this embodiment, the steaming chambers are provid- 
ed In an alternating arrangement, such that cooking 
chambers 142 altemate with plenum chambers 144 
around the periphery of a central chamber 1 84. Steam 
is provided through steam line 72 from the exterior of 
the steam cooker and it proceeds into the four plenum 
chambers where it Is provided through wire mesh or per- 
forated wails into the respective cooking chambers 142. 
[0092] Further, an arrangement whereby a spindle 
1 82 Is aligned along the central axis of the steam cooker 
is seen in FIG. 9. A discharge paddle 180 rotates dis- 
charge paddle blades 1 76 to assist in the even spread- 
ing of food granules and discharge of food granules from 
the bottom of the steam cooker. In this way, food gran- 
ules may be evenly distributed and discharged through 
hopper 80 and through discharge port 178. 
[0093] FIG. 10 shows a cross-sectional view of the 
steam cooker shown In FIG. 9, whereby the steam en- 
ters through steam line 72 and is provided to cooking 
chambers 142 by way of perforated walls which extend 
generally radially and define the cooking chamber 
[0094] FIG. 11 shows an altemate apparatus and 
method which may be utilized to assist In the advance- 
ment of food granules out of the bottom of the cooking 
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chamber. In FIG. 11, cooking channber 142 is shown 
whereby rotating distributor 1 88 rotates about the cen- 
tral axis of the coolcing chamber to ailow cooiced food 
granuies 190 to be eveniy distributed and in their exit 
from the cooldng chamber. Rotating axle 1 94 is seen on 
the right side of FiG. 11. Food granules proceed in a 
downward progression. Upperf rame support 1 92, lower 
frame support 1 98, and frame support 1 96 provide the 
exterior surface of the coolcing chamber. The housing 
floor 200 provides stability to the bottom of the coolcing 
chamber. 

[0095] in another embodiment of the steam cooicer of 
the present invention, as seen In FIG. 12, steam may 
be provided through steam line 206 into rotary valve 204 
and ultimately into central chamber 1 84 (see cross-sec- 
tional view in FIG. 13). In this arrangement, the cooking 
chamber is substantially the same as that of FIG. 9, with 
the exception that steam is provided directly from steam 
line 72 into the central chamber 1 84. where it is distrib- 
uted Into cooking chamber 142 along the central axis 
outward from the center of the chamber. In other re- 
spects, the embodiment shown in FIGS. 12 and 13 Is 
substantially similar to that shown in FIGS. 9 and 1 0. 
[0096] The preferred dimer)sions of the steam cooker 
of the present invention would be with an outer dimen- 
sion (measured across the cooker) of approxinnately 8 
feet, although other sizes could be utilized. 

The Drying Apparatus and Methods 

[0097] A rotary dryer is used in the preferred embod- 
iment of this invention for drying the food granules. In 
some cases, for certain types of food granules, a bed 
dryer may also be used, in the drying of rice, for exam- 
ple, a rotary dryer and a bed dryer typically are used. 
Further, in making a highly dehydrated rice such as a 
quick rehydrating variety of rice, a vertical dryer also is 
used to reduce the moisture content of the rice to a low 
level. 

[0098] Further, a vibratory drainer, seen in FIG. 1 , is 
preferably used in cases where the food granule slurry 
is pumped in a water slurry fomn from the steam cooker 
to the rotary dryer. FIGS. 15A and 15B shown, respec- 
tively, a cross-section and an end view of the vibratory 
drainer, as shown affixed to the entrance of the rotary 
dryer in FIG. 1 . 

[0099] Of course there are numerous methods of 
transporting the food granules from the steam cooker to 
the rotary drying apparatus, and transport by using a wa- 
ter slurry is only one method. For example, a dry trans- 
port method (x>uid use a combination of ric^air transport 
by blowing the rice through a conduit, or rice could be 
transferred on a conveyor belt, if sufficient apparatus 
(such a breakers) are employed to prevent lumping of 
the food granules. 

[0100] The primary purpose of the vibratory drainer 
as seen In FIGS. 1 5A and 1 5B is to take water out of the 
rice earty In the drying proc^ess, and to reduce the mois- 



ture content of the rice so that the energy consumption 
of the dryer will be reduc^ed. Further, the amount of main- 
tenance required with regard to the drying apparatus 
may be reduced by avoiding entry of large amounts of 

s water into the dryer. Further, reducing water from the 
food granule slurry in the vibratory drainer helps to cre- 
ate a more uniform feecistock to the dryer 
[0101] FIGS. 15A and 15B show the details of the vi- 
bratory drainer 300. The drainer preferably receives the 

10 input food granule slurry 344 as seen in the top of FIG. 
15A. The slurry is deposited onto the vibrating screen 
346, where the food granules proceed down the food 
slurry channel 348 towards the right side of the drainer, 
as seen In FIG. 1 5A. The food slurry channel is bounded 

IS on its upper surface by the top wall 350. Intake port 352 
is seen as the opening in the upper portion of the food 
slurry channel, and water drain space 354 extends 
along the underside of the vibrating screen 346. Water 
drains from the food granule slurry into the water drain 

^ space, where it collects in water reservoir 356. Water 
then proceeds cutwater exit port 358. Thefood granules 
which have reduced water content, proceed out the food 
granule exit 362, and into the drying apparatus. A sup- 
port structure 360 fornris the frame upon which the vi- 

^5 brating drainer is mounted. A vibrating motor364 is seen 
on the underside of the water drain spac^, and a water 
level sensor 366 ^ctends into the water reservoir to en- 
able the shut down of the vibratory drainer if the water 
level should rise too high, for example, in a case where 

30 the water exit port becomes clogged. Right upper sup- 
port strut 369 is seen in the upper left portion of FIG. 
1 5A, and right lower support strut 368 is seen on the left 
side of FiG. 15A. 

[0102] FiG. 15B shows an end view of the vibratory 

35 drainer 300. In this view, the Intake port 352 is seen at 
the top of the figure, with the top wait 350 extending be- 
low that level. The left upper support strut 370 and the 
left lower support strut 371 may be seen at the right edge 
of FIG. 15B. Further, the food granule exit 362 is seen 

40 at the c:enter of FIG. 158, and the water reservoir 366 
and water exit port 358 are seen at the lower portion of 
FIG. 1 5B. A support structure 360 is seen on either side 
of the vibratory drainer and supporting the structure. 
[0103] A remarkable drying effect may be achieved 

45 pursuant to the present invention, and in an efficient 
manner, in FiG. 14, the rotary dryer 32 is provided with 
a cooked slurry of food granules from vibratory drainer 
300 (see FiG. 1 and FIGS. 15Aand 15B). Thefood gran- 
ules from the vibratory drainer proceed Into entry station 

so 226 (FIG. 1 4) where any remaining water Is drained from 
the slurry through drain line 36. This excess water is re- 
circulated in the recirculation cycle of the invention. 
[01 04] The food granules are provided to the body of 
the rotary dryer where they are dried as they proceed 

S5 into the various heat zones of the dryer. The heat zones 
that may be seen in FIG. 1 4 are the first heat zone 268, 
the second heat zone 270, the third heat zone 272, and 
the fourth heat zone 274. The heat zones may be reg- 
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ulated to various temperatures for various types of dry- 
ing, depending upon the food particle to be dried (wheth- 
er it is a cereai grain, a parboiled rice, a short grain rice, 
etc.) and the temperature of each zone may be regulat- 
ed to achieve the maximum drying effect for the mini- 
mum amount of energy consumption of the dryer. Four 
separate bumers 222 are provided, one to each heat 
zone, and blower fans 56 recirculate heated air from the 
main drying chamber through the baffle plate 234 into 
the rotating barrel, and then into the recirculation duct 
232 and then eventually bacic into the drying chamber 
(see FIG. 15). As coolced food granules 238 proceed 
through the body of the dryer, (in the direction of the ar- 
rows seen In FIG. 14) their moisture content Is reduced. 
Exhaust fan 216 is provided at the upper end of the ro- 
tary dryer to provide a positive air cun^ent flow along the 
path of the food particles being dried. Dried granules 
21 8 emerge from the distal end of the rot a dryer. 
[01 05] In FIG. 1 5, a cross-sectional view of the rotary 
dryer is seen. Barrel 230 is rotated about central axle 
224. Line 16A (FIG. 14) fomis the central axis about 
which the banrel 230 rotates (see FIG. 15). The food 
granules proceed along the Inner surface of the banrel 
230. Airflows from the Inner portion of the barrel in dry- 
ing zone 244 out through the damper 236 and into the 
recirculation duct 232, where it is circulated bacic into 
blower fan 56, and provided through baffle plate 234 
back into the drying zone 244. Thus, the air is provided 
in a circular path about which drying of the food granules 
may talce place. Burner 222 is seen in FIG. 15 as pro- 
viding a heat source for heating the circulating air. A low- 
er housing 242 and lower damper 240 may be seen in 
FIG. 15. Damper 236 and blower 56 and baffle plate 234 
each may be adjusted to provide appropriate air speed 
through the rotary banrel. 

[0106] The air speed at baffle plate 234 is typically 
less than the air speed within the rotating barrel 230, 
and the air speed is preferably in the range of 2000 to 
3500 feet per minute within the rotary barrel. The speed 
of the air is increased upon entry into the rotating barrel 
due to its passage through perforations in the rotating 
barrel. 

[0107] FIG. 16 shows barrel assembly 276 which 
forms a major component of the rotary dryer. Beginning 
at the left of FIG. 1 6, motor 220 is seen attached to cen- 
tral axle 224, and it provides rotational torque to the axle. 
Front end housing 374 forms the reservoir into which 
the wet food granules proceed from the entry station 
226. Food granules proceed along the barrel. The ban-el 
is preferably comprised of wire mesh of sufficiently close 
spacing such that the food particles will not pass through 
the mesh, but air and water may freely pass through 
such mesh. Dryer 32 may be positioned at a slight down- 
ward Incline from the entry end to Its exit end to facilitate 
the movement of rice. 

[0108] A rear bearing 258 Is held by support 264. Cen- 
tral axle 224 is secured to the motor 220. The motor 220 
provides rotational motion to central axle 224. A housing 



264 supports the motor assembly. 
[0109] The rotary dryer is used for initial drying of the 
product and the residence time of a rice grain in the ro- 
tary dryer typically is in the range of approximately 2 to 

s 7 minutes, preferably about 3 minutes. The air volume 
used in the rotary dryer may be as little as 3,000 or as 
great as 7,000 cubic feet per minute. The temperature 
of the air typically is in the range of between 250^ F and 
400'F, preferably about 350*^ although it will usually 

10 vary in different zones. 

[QUO] FIGS. 16A and 16B show a closeup and de- 
tailed view of the barrel assembly which fonns the inner 
rotating portion of the rotary dryer seen in FIG. 14. In 
FIG. 1 6A, food granules which exit the vibratory drainer 

IS proceed Into the entry station 226 as seen at the left side 
of FIG. 16A. Drain reservoir 41 2 receives excess water 
from the food granules after they are deposited into the 
rotary dryer, and excess water passes along to drain line 
36 as seen in the lower left portion of FIG. 16A. They 

20 are deposited into the body of the rotary dryer, where a 
central axle 224 is tuming, causing the banrel 230 to ro- 
tate on the axis of the central axle 224. Spiral flights 386 
and 388 are seen at the left side of FIG. 1 6A. Food gran- 
ules, when they first enter the rotary dryer, are in the 

25 form of wet globules which must be moved along within 
the rotary dryer by physical means to flash off the water. 
This lateral movement from left to right is provided by 
the spiral flights 386 and 388, as seen in FIG. 16A. 
Meanwhile, blower ports 376, 378, 380, 382, and 384 

30 provide hot air circulation input which passes through 
the rotating ban-el of the rotary dryer, and then exits the 
rotary dryer by way of lower air Intakes 406, 407, 408, 
and 409. 

[0111] As the hot air passes over the food granules 

35 within the rotating banrel, water is removed from thefood 
granules. When the food granules have proceeded ap- 
proximately halfway down the rotating barrel, the gran- 
ules encounter mixing roller 392, which is fixedly mount- 
ed near the exit point of the rotating barrel, at the right 

40 side of FIG. 16A. The mixing roller 392 also rotates, 
which provides a working action of fingers 390, which 
are mounted upon the mixing roller 392. The fingers 390 
help to loosen up and "fluff" the food granules (particu- 
larly in the case of rice), and they assist in the drying of 

45 the rice in the latter stage of the rotary dryer 

[01 1 2] Once the rice or other food granules are suffi- 
ciently dry, they proceed to the far right end of the barrel 
230, where they encounter adjustable lip plate 400. This 
plate may be seen at the far right portion of 16A, as a 

so snnali projection which extends up from the lower right 
edge of the rotating banrel. In the case of rice, the pre- 
fen^ed method of detenmlnlng retention time of the rk:e 
in the dryer is to allow the rice to remain within the ro- 
tating barrel until the rice is dry enough, and therefore 

55 light enough in weight, such that the action of the rotat- 
ing banrel witi make the rice "hop" over the adjustable 
lip plate 400. In this way, the adjustable lip plate acts as 
a hurdle over which the rice will bounce once it has be- 
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come light enough, due to the action of the rotating bar- 
rel 230. After the food granules have passed from the 
barrel 230, they enter the collection zone 403. Collection 
zone 403 is defined by the end housing 394, which forms 
its periphery, and the food granules proceed down 5 
through the food granule exit vent 396. 
[0113] FIG. 16B shows an end view of the rotating 
barrel as seen along lines 1 6B as seen at the right mar- 
gin of FIG. 1 6A. In FiG. 1 SB, an inner bearing 398 may 
be seen at the center of the rotating barrel 230. Upon 
this bearing, is the rotating central axie 224 which com- 
prises four spokes 404 extending at right angles out 
from the central axle. Adjustable lip plate 400 is seen 
releasably mounted upon the end of the barrel 230. This 
lip plate provides the "hurdle" over which food granules 
maybe required to bounce in order to exit the rotary dry- 
er. The lip plate may be adjusted, by simply removing it 
and replacing It with a ilp plate of a different intemal di- 
ameter, which would provide a slightly lower or higher 
"hurdle" for the food granules to bounce over upon exit 
from the barrel. 

[01 14] There are numerous variables in the drying of 
rice. Variables Include, first, the amount of hydration of 
the rice as it enters the rotary dryer. Second, the velocity 
of the air in the rotary dryer. Third, the temperature of 
the air within the rotary dryer. Fourth, the rotation speed 
of the barrel 230. Fifth, the suction of the air laterally 
from left to right. Sixth, the size, shape, and type of the 
food granule or rice product being dried In the rotary dry- 
er. Seventh, the adjustable ilp plate at the end of the 
barrel, which may be raised or lowered to increase or 
decrease the residence time of the food granules within 
the ban-el. Each of these variables may be adjusted for 
the most efficient drying operation pertaining to that par- 
ticular type of food granule, and the particular type of 
processing desired 

[01 1 5] Rotational speeds of the barrel of less than one 
cycle per second are preferred. The rotary dryer of the 
present invention provides the capability to partially dry 
the surface of the wet food granules or grains, which 
aids in maximizing the puffing of the final product. Fur- 
ther, the rotational speed of the barrel is relatively low, 
and the rice preferably Is not subjected to large amounts 
of g forces as in some prior art methods. In this inven- 
tion, rice is not "plastered" to the inner wall of the rotating 
barrel in a high speed spin, but instead is subjected to 
less than one g of force radially directed from the shaft 
towards the wall of the rotating barrel. 
[0116] For some applications, it may be desirable to 
provide variation In the temperature of the heat zones 
within the rotary dryer. For example, in the first heat 
zone, seen as first heat zone 268 in FIG. 1 6A, the air 
throughput may be very high, with a relatively high tem- 
perature to provide a more desirable rice product. The 
temperature variations along the barrel 230 will provide 
different degrees of product uniformity, and different 
amounts of puffing to create the type of product desired. 
[0117] In the drying of thefood granules In the present 



Invention, a typical bed dryer and vertical dryer may be 
used, both of which are icnown In the art for drying cereal 
grains such as rice. In the drying of cereal grains, such 
as rice, the object is to "set" the product, that is. to give 
the rice grain a good characteristic for the consumer. It 
is desirable to "freeze" the rice in a swelled state, by 
drying it and providing a swelling effect of the water with- 
in the rice grain during drying. Further, a puffing effect 
is desirable whereby water provides pockets of steam 
within each rice kernel, expanding the grain of rice, to 
provide appropriate texture and desirable qualities for 
the consumer. 

[0118] In a bed drying operation, as indicated by ref- 
erence numeral 1 4 in FIG. 1 , the temperature Is typically 
between 275*F and 325<'F, preferably about 300^'R A 
bed dryer is a belt dryer whereby rice Is provided through 
the dryer on a bed or belt, and air is blown either down 
onto the belt or up through the bottom of the belt. In such 
bed drying operations, the air velocity is much lower 
than the rotary drying operation, typically about 300 feet 
perminute. In the bed drying operation, a residence time 
of approxinnately 5 to 15 minutes, preferably about 10 
minutes Is used. 

[0119] For certcun types of cereal grains, and in par- 
ticular for quk:kly rehydrating rices, a vertical dryer, as 
Indicated by reference numeral 15 in FIG. 1, may be 
used to greatly reduce the moisture content of rice down 
to a level as low as 6 % water. For example, a vertical 
dryer may be used to provide grain with a residence time 
In the dryer of approximately two hours. The principles 
of bed and vertical drying are known by persons skilled 
in the art. 

The Efficient Use of Water in the Present Invention 

[0120] In the processing of the food granules, water 
Is recirculated and reused so that the amount of water 
used in the processing of food granules is minimized, i. 
e., the amount of water used and/or excreted per pound 
of food processed is kept at a low level. 
[0121] FIG. 17 shows the water pathways in the 
present invention and. in particular, shows the recircu- 
lation of water in the present invention in reducing the 
amount of water consumed and excreted. As shown in 
both FIGS. 1 and 17, in the cooking of food granules, 
heat exchanger 24 provides heat to and absorbs heat 
from the various hot water and steam lines in the 
processing system. For example, fresh water Inlet 26 
provides water into the heat exchanger 24, and boiler 
28 is provided water from inlet 52. Steam from the boiler 
may be provided to the heat exchanger along steam line 
49, and steam line 47 extends between the heat ex* 
changer and the boiler 28. 

[0122] The water food granule slurry which proceeds 
along conveyor line 38 into the vibratory drainer 300 is 
drained. The drained "used" or reciroutated water is pro- 
vided along drain line 36 to a point at which it Is mixed 
with steamer drain line 37, whteh comprises "used" wa- 
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terf rom the steamer. These two lines are mixed (as seen 
in the upper left hand comer of FIG. 1 7) into a combined 
drain line 39. This combined drain line is provided to filter 
278 as seen in FiG. 17, and also as seen in FIG. 1 . 
[0123] The fitter essentially provides a macroscopic 
filtering of foreign particles from the water, and the water 
Is then provided to alternate routes. It may be provided 
along exit line 120 where it may be valved to one of two 
places. It can proceed along drain line 121, or it may 
proceed along recirculated water line 30 to be fed back 
into the steam cooker for reat)8orption by the food gran- 
ules and used in the cooking of food granules at steam 
cooker 90. If the recirculated water Is fed along drain 
line 121 , it may be drained out of the system (Into the 
sewer) from drain 29. As another pathway, the recircu- 
lated water may be sent through valving along the path 
of dispenser line mixture 34, where it may be reinjected 
into a bucket 27 for reabsorption by uncooked food gran- 
ules as they proceed towards the steam cooker. 
[0124] Furthermore, the water that drips from buckets 
27 upon release of the food granules from the buckets 
along the conveyor 50 is collected under the conveyer 
50 and provided along drain tine 41 to steamer drain line 
37, in a similar manner as the water whk:h is drained 
along drain line 36. Again, a portion of the "used" water 
may be drained away from the system at drain 29, while 
some of it is recirculated back Into the buckets 27. Fur- 
ther, hot water line 18 provides hot water from the heat 
exchanger 24 to the steam cooker 90. 
[0125] In FIG. 1, the amount of water provided to 
bucket 27 through dispenser line mixture 34 will depend 
upon the steeping conditions of that particular batch. For 
certain food granules, a greater mixture of fresh water 
may be required to prevent gluing of food particles to- 
gether and to facilitate the free flow of food granules 
through the system. For maximum water conservation, 
however, the amount of water provided at hot water line 
18 is kept to a minimum, while the recirculated water 
line 30 is allowed to provide a maximum amount of re- 
cycled water, thereby aiding In the overall conservation 
of water. 

[0126] Further, fresh hot water is provided from the 
heat exchanger 24 through hot water line 18 to either 
the steam cooker 90 or to the prewasher 12. Hot water 
line 18 provides hot water along hot water line 99 to the 
steam cooker 90. The prewasher 12 may use water 
which is wamn, hot, or cold, but preferably using the Jiff- 
Wash system described previously, a cold water rinse 
is used. A cold water line is available to the prewasher 
12, but is not shown in FIG. 17. 
[0127] if desired, hot water input 22 may provide hot 
water to the prewasher, either for use in prewashing or 
for cleaning the apparatus. Conveyor 1 6 transports food 
granules through the presteamer 20, where they are de- 
posited into buckets 27. and there they receive the dis- 
penser line mixture 34. Boiler 28 provides steam along 
steam line 49 to both the steam cooker 90 and to the 
heat exchanger 24. Steam Is provided from the boiler to 



the presteamer 20 along steam line 49 as seen in FIG. 
17. 

[0128] Further, steam cooker 90 may excrete "used" 
redrculated water 37, which proceeds along steamer 

5 drain line 37, to be filtered and then ultimately either re- 
used or drained from the system. One of the key fea- 
tures of this invention relative to the abilities of reuse 
water efficiently is the discovery of the water clarity that 
is achievable for the water exiting the cooker at line 37. 

10 It is believed that this is achieved as a result of two things 
primarily; the use of the pre-steamer step and the overall 
optimal supply of water In a proper temperature and vol- 
ume manner so as to avoid the leaching out of loose 
starch molecules by providing water in quantities that 

IS are coordinated to roughly the amount that the r\ce can 
ak)sorb at a particular point in the process. The temper- 
ature maximum is important because if it is too high, 
then starch damage (i.e., the release of free starch and 
the undesirable gluing effect) may occur. 

20 [0129] The food granule slurry departs the steam 
cooker 90 atong conveyor line 38, to the rotary dryer 32. 
Vertical dryer 15 and bed dryer 1 4 are also seen in FIG. 
17. with dashed lines to indicate that they are optional, 
and not required in the present invention. 

25 [0130] Using the recirculation in the present invention, 
the Eunount of water used per pound of rice produced 
may be greatly reduced. In the operations of the present 
food processing system, the water content of rice as It 
exits the steam cooker is typically between about 50 to 

30 60% water. Rice Is typically about 40% to 50% water as 
it comes out of the buckets 27 and proceeds to the 
steam cooker. After cooking, and in the drying stage, the 
percentage of water after the first stage of drying (rotary 
drying) is about 20% water, but this percentage will vary 

3s depending upon the product. 

[0131] The present system results in the amount of 
water applied or excreted being minimized, to a level of 
less than about 3 to 1 by volume. 
[0132] if the rice is provided to a bed dryer following 

40 rotary drying , the water content may be reduced to abo ut 
1 2%. If further drying is required or desirable, the water 
content of the rice may be reduced in a vertical dryer to 
as little as about 6% water. Different rice products will 
utilize different percentages of water and it should be 

45 noted that the greater the amount of moisture reduction 
achieved, the more expensive the drying process will be 
in temis of energy consumption. 
[0133] Obviously, numerous possibilities are availa- 
ble for the recirculated water in the present invention, 

so and the most eff»ient use of recirculated water will de- 
pend upon the cooking conditions, the type of food gran- 
ules processed, and in the case of rice, will depend upon 
the variety of rice, and whether It Is short grain rice, long 
grain rice, parboiled rice, etc. 

ss [0134] For example, the examples below use only 
three zones for drying (i.e., zone 1 , zone 2 and zone 3; 
wherein zone 1 is the closest to the entrance of the dryer, 
zone 2 is next, and zone 3 is the f uri:hest from the dryer 
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entry point). Additional drying zones might be used in 
other ennbodiments. AJso, the air velocities in the drying 
zones are in the range of about 2500-3500 feet per 
nninute, preferably about 2500-2800 at the air blower 56, 
and 3000-3500 feet per minute within the rotating barrel. 

Example 1 

[0135] The following example provides the preferred 
processing conditions for practicing the present inven- 
tion using precooked, milled, parboiled, white long grain 
rloe as the food granule to be cooked. Of course, these 
processing conditions may be varied for different varie- 
ties of rice or for food granules which are not cereal 
grains, such as vegetables or other food granules. Fur- 
ther, the specifications beiow may be varied even for 
milled white long grain rice if certain other characteris- 
tics are desired in the final end product. 
[0136] in the washing step, it is preferred in this ex- 
ample that the washing occur for a period of about 30 
seconds, with the ambient temperature of the washing 
water at approximately 25^C. The moisture range of the 
rice after washing is In the range of approximately 16% 
to 18% water. 

[0137] In the presteaming step, a 15 minute pre- 
steam is provided to the rice, with ambient pressure, to 
achieve a moisture range of the rice of approximately 
22% to 25% water. 

[0138] The steeping step occurs for approximately 1 5 
minutes as the rice moves along the conveyor In buckets 
27, using water which is at a temperature of about 80^C. 
The moisture range achieved during the steeping Is a 
range of approximately 56% to 58% water. The charge 
of rice used in each container is approximately 15 kilo- 
grams, using about 22 liters of water in each bucket for 
the steeping step. 

[01 39] In the steam cooker 90 (see FIGS . 2A-2C), the 
rice is cooked for approximately 15 minutes at ambient 
pressure, achieving a moisture range of about 59% to 
60% water. 

[0140] After steaming, the rice is transported in an 
aqueous environment for about 30 seconds using water 
of ambient temperature (about 25^C), and achieves a 
moisture content of about 62% to 63% water. The trans- 
port occurs by pumping to a dewatering device (vibra- 
tory drainer). The rice is transferred to the vibratory 
drainer, and Into the rotary dryer. The temperature of the 
first zone is about 250^0, while the temperature in the 
second and third zones is about 195^0. The air velocity 
is a variable that may affect drying temperature. The re- 
tention time of the rice within the barrel of the rotary dryer 
Is about 2-1/2 minutes. This is the time which elapses 
between the time the rice enters the barrel and the rice 
exits the barrel by bouncing over the adjustable lip plate 
400 at the distal end of the barrel within the rotary dryer. 
The moisture range of the rice as It exits the rotary dryer 
is at a level of about 20% to 22% water. 
[01 41 ] After the rice exXtB the rotary dryer, It proceeds 



to a bed dryer for a drying time of about 5-7 minutes. 
This drying occurs at a temperature of about 1 00**C, and 
the rice achieves a moisture range, after drying, of about 
9% to 11% water. The end product is a precooked rice 
5 requiring about 5 minutes to prepare. 

[0142] The conditions in these ^camples are provided 
as examples only, and they should not be construed to 
limit the Invention in any way. 



[0143] In a second example, a five minute, pre- 
cooked, milled, white, long grain rice is used as the prod- 
uct to be cooked. In order to prepare the rice, the tem- 
15 perature, time, and moisture ranges provided by below 
are believed to be preferable. Nevertheless, different 
varieties of rice, and different processing conditions may 
be employed to achieve a product with different charac- 
teristics. 

^ [0144] First, parboiled rice is provided, and is pre- 
washed for approximately 30 seconds using water 
which is ambient temperature, to achieve a moisture 
range of rice which is approximately 1 6% to 1 8% water. 
The rice is then presteamed for about 1 0 minutes. This 
25 achieves a rice with a moisture content of about 22% to 
23% water. The rice is then steeped in buckets, as dis- 
closed herein, for about 10 minutes, at approximately 
80*C. The moisture range achieved after steeping Is ap- 
proximately 50% to 52%. The rice Is then steam cooked 
30 for about 1 0 minutes In the preferred steam cooker of 
the present invention. In this case, the steam cooker 
would be the preferred steam cooker as seen In FIGS. 
2A-2C. The rice is then steam cooked at 1 50^C, and 
achieves a moisture level of about 53% to 55% water. 
35 The rice is then transported in a water slurry, which re- 
quires about 15 seconds, at ambient temperature, 
achieving a moisture level of about 58% to 59%. 
[0145] The rice is then provided to a rotary dryer for 
two to three minutes at an air temperature which varies 
40 between 1 gS^'C and 250^0. in the rotary dryer, zone 1 
is operated at 250^C (the zone nearest the dryer en- 
trance), and zones 2 and 3 are operated at 295*C, with 
total retention time in the dryer of about 2.5 minutes. The 
rice Is then at a moisture level ranging from 22% to 25%. 
45 The rice Is then provided to a bed dryer for 5 to 7 min- 
utes, at a temperatu re of about 1 0O^^C. The moisture lev- 
el achieved after drying in the bed dryer is about 9% to 
11%. As a final product, a 5 minute, precooked, white 
Instant rice is produced which Is capable of a five minute 
50 simmer cook by the consumer. 

Example 3 

[0146] In a third example, a starting material of milled, 
55 white, long grain rice is provided for processing, it may 
be processed In the following example to produce an 
instant, white, long grain rice with a preparatton time of 
about 7 minutes, and with a f inner cooked texture which 
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is characteristic of European-styie marketed rices. First, 
milied, white, iong grain rice is prewashed, as described 
previousty, for 30 seconds using water which is at am- 
bient temperature (about 25^C). The rice then achieves 
a moisture range between about 16% and 18% water. 
The rice is then steam cooked for approximately 1 0 min- 
utes at ambient pressure, which results in a moisture 
range between 22% and 23% water. That step is fol- 
iowed by steeping of the rice for 1 0 minutes using water 
of 80*C (176'F). A moisture level of between 60% and 
52% is achieved. The temperature should be controlled 
during the steeping, and a 15 Iciiogram charge of rice Is 
utilized with a 22.5 liter quantity of water. The rice is then 
steam cooked for 10 minutes at ambient pressure to 
achieve a moisture range of between 53% and 55% wa- 
ter 

[0147] The rice is then transported from the steam 
cooker towards the drying apparatus for a period of time 
which is about 30 seconds, using ambient water tem- 
perature of about 20^C to 25^C. The moisture range of 
the rice at this point In the processing is between about 
58% and 59% water. 

[0148] In this embodiment, a slow drying process is 
preferred, to produce a cooked texture which is charac- 
teristic of European-type rices. The drying proceeds for 
about 30 minutes at approximately /S'^C, to achieve a 
moisture level of between 9% and 1 1 %. The rotary dryer 
is used, but is not required for this end product. The tex- 
ture produced Isy this method requires a low drying tem- 
perature, as for example, TB^C as provided in this par- 
ticular example. The product produced is an Instant, 
white, long grain rice with a preparation time of about 7 
minutes and with a f imner cooked texture. 

Example 4 

[0149] In the fourth example, the rice cooked is a 
brown, long grain rice, and It produces an end product 
which comprises an instant, brown, long grain rice, with 
a preparation time of about 10 to 12 minutes. Further, if 
softer texture is desired, a 12 minute preparation time 
is recommended, however, this example provides a rice 
with a preparation time that is preferably about 1 0 min- 
utes. 

[01 50] First, the rice is prewashed for 30 seconds with 
an ambient water temperature, to produce a moisture 
content of the rice between 14% and 1 6%. The rice Is 
then presteamed for 1 8 minutes at ambient pressure. A 
moisture level of about 18% to 20% is achieved. 
[01 51 ] The rice is then steeped for 1 8 minutes at 80*C 
(176**F)- A moisture range of between 42% and 45% is 
achieved after the steeping step. The rice is then steam 
cooked for 18 minutes at ambient pressure, to achieve 
a moisture range of 50% to 55% water. 
[0152] The rice is then transported, by way of water, 
for about 30 seconds out of the steam cooker and to the 
drying apparatus. The moisture range at this point is 
58% to 59% water. 



[0153] The rice Is then dried in the rotary dryer, using 
dryer temperatures In zone 1 (the zone closest to the 
Inlet of the dryer) of 230^C. Zone 2 is at a temperature 
of about 1 95^C, and zone 3 is also at a temperature of 

5 about 1 SS'^C. The moisture level of the rice after rotary 
drying Is about 15% to 1 8% water. 
[0154] The rice is then provided to a bed dryer for a 
drying time of between 5 and 7 minutes at lOO^C 
(21 2®F). The moisture content of the rice after bed dry- 

10 ing is between 9% and 11 %. The product of this partic- 
ular example Is an Instant, brown, long grain rice with a 
preparation time by the consumer of about 1 0 to 1 2 min- 
utes. 

|P155] Modifications of the apparatus and methods 

15 disclosed in this patent application could be conceived 
by a person skilled In the art, without departing from the 
spirit or scope of the Invention. For example, It is con- 
templated that the present invention could be utilized 
whereby a different number of heating sections in the 

20 rotary dryer or a different configuration of the cooking 
segments in steam cooker 90 may be established. 
[0156] It Is anticipated that different types of steam 
cookers could be established which utilize either vertical 
means of feeding food granules by way of gravity in- 

2s ducement, or a horizontal method might be established 
whereby food granules may be cooked and fed through 
in a horizontal manner. Further, It Is obvious that varia- 
tions could occur in the method and apparatus of recir- 
culating water in the present Invention to most advanta- 

30 geously and efficiently utilize the least amount of input 
water and excrete the least amount of waste water. The 
present Invention Is not limited to the disclosure In this 
regard, and other arrangements could be easily con- 
ceived. Further, the temperatures, pressures, and cook- 

35 ing conditions disclosed herein are disclosed as the pre- 
ferred and altemate embodiments, but cooking could 
occur using temperatures, pressures, and/or methods 
that are not disclosed in the present specification, but 
still fall within the scope of this invention. Additionally, 

40 although the disclosed apparatus and methods have 
been described primarily for use with rice, these appa- 
ratus and processes are suitable for use with other food 
products, as well. The present disclosure is intended to 
cover all such modifications as fall within the scope of 

45 the appended claims, including equivalents. 



Claims 

so Una method of processing rice to prepare the rice 
for packaging, the sequential steps of: 

(a) presteaming the rice to cause the rice to ab- 
sorb moisture; 

55 

(b) steeping the rice in water to further process 
the rice and to cause the rice to absorb further 
moisture; 
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(c) cooking rice and thereby causing the rice to 
absorb further nnoisture; and 

(d) drying the rice in preparation for pacicaging 
the rice. s 

2. The method of claim 1 , wherein at least a portion 
of any excess water which enters the cooldng step 
is recirculated for reuse In the overaii process. 

10 

3. The method of claim 1 , further including the step 
of prewashing the rice prior to the presteaming step. 

4. The method of claim 1 , wherein the moisture con- 
tent of the rice Is in the range of approximately 1 8% f 5 
to 25% after the presteaming step, approximately 
42% to 58% after the steeping step and approxi- 
mately 50% to 63% after the steam cooking step. 

5. The method of claim 3, wherein the moisture con- ^ 
tent of the rice is In the range of approximately 1 4% 

to 1 8% after the washing step. 

6. The method of claim 4, wherein the presteaming 
step Is perfomned by imposing steam on the rice for 2S 
approximately 5 to 30 minutes, the steeping step is 
perfonned by soaking the rice in water at a temper- 
ature of approximately 80 to 90*C for approximately 

5 to 30 minutes, and wherein the steam cooking 
step is perfonned in a steam vessel for approxi- 30 
mately 5 to 30 minutes. 

7. The method of claim 6, wherein the cooking step 
is periormed in a vessel which includes an annular- 
shaped cooking zone and wherein the cooking zone 35 
is further divided into a plurality of pie-shaped cook- 
ing sections and wherein steam Is injected into each 
section radially Inwardly and outwardly. 

8. The method of claim 6, wherein the cooking step 40 
is perfomned in a vessel which has a plurality of ver- 
ttealiy spaced cooking zones defined by partitions 
which support the rice In the zone for a cooking pe- 
riod, further wherein the partitions are ph^otable and 
may cause the rice to be Induced by gravity to the 45 
next successive cooking zone. 

9. The method of claim 8, wherein the pressure 
within the cooking vessel is maint£Uned below about 

15 psi. so 

1 0. The method of claim 8, wherein the cooking step 
is performed in a vessel whteh includes an annular- 
shaped cooking zone and a plurality of rotatable 
members which support the rice within the vessel S5 
and which assist In moving the rice through the 
cooking zones, further wherein steam is injected ra- 
dially inwardly towards the cent of the vessel and 



outwardly into the cooking zone. 

11. The method of claim 10, wherein the rotatable 
members include steam injection ports which sup- 
ply steam to the rice for cooking. 

12. A method of processing cooking cereal grains, 
comprising: 

(a) presteaming the cereal grains; 

(b) steam cooking the cereal grains; and 

(c) drying the cereal grains. 

13. The method of claim 12, further including the 
step of prewashing the cereal grains prior to prest- 
eaming. 

14. The method of claim 12, further including the 
step of steeping the cereal grains after presteam- 
ing. 

15. The method of claim 12, wherein the cereal 
grains are conditioned by application of chemical 
additives. 

16. The method of claim 12, wherein the cereal 
grains are postoonditloned after cooking by appli- 
cation of a gas to the cereal grains. 

17. The method of claim 12, wherein the cereal 
grains are postconditioned after cooking by appli- 
cation of radio waves to the cereal grains. 

18. The method of claim 15, wherein the chemical 
additive comprises lecithin. 

19. The method of claim 15, wherein the chemical 
additive comprises rice oil. 

20. The method of claim 15, wherein the chemical 
additive Is sugar. 

21. The method of claim 15, wherein the chemical 
additive Is phosphoric or adipto acid, said acid being 
applied during or prior to steeping. 

22. An apparatus for processing food products, 
comprising: 

(a) a conveying means, said conveying means 
adapted for transporting food products in the 
processing of said products; 

(b) steeping tanks adapted for presoaking un- 
cooked food products; 
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(c) water recirculation means, wherein water or 
steam is applied to food products and then re- 
circulated, the amount of water consumed and 
excreted In processing food products being 
minimized, said water providing for dilution of s 
food products during processing to facilitate 
movement of food products among processing 
apparatus and to avoid reaching the glue point 

of said food products, further wherein water is 
recirculated and reabsoibed lay food products to 
in said steeping tanks; 

(d) a steam cooker for cooking the food prod- 
ucts, wherein the cooker transmits water or 
steam to the food products during cooking; ^5 

(e) a drying means. 

23. An apparatus as defined in claim 22, wherein 
the drying means comprises a rotary dryer, further 20 
wherein the food products are conveyed to the ro- 
tary dryer In reducing the water content of the food 
products to prepare the food products for packag- 
ing, said rotary dryer comprising a rotating barrel, 
said rotating ban'el adapted for agitation of the food 25 
products, said rotary dryer further comprising a heat 
source for reducing the water content of the food 
products using heated air, wherein a portion of the 
excess water removed from the food products is re- 
circulated back and reabsorbed by uncooked food 30 
products. 

24. The apparatus of claim 22, further comprising a 
prewashing means, said prewashing means provid- 
ing a water rinse of said food products before the 
food products are cooked. 

25. The apparatus of claim 22, further comprising a 
presteaming means, wherein said presteaming 
means applies steam to the food products prior to 40 
cooking said food products. 

26. The apparatus of claim 23, further comprising a 
radiation transmitting unit, wherein said radiation 
transmitting unit applies electromagnetic radiation 45 
to the food products. 

27. The apparatus of claim 23, wherein said drying 
means further comprises a bed dryer. 

50 

28. The apparatus of claim 23, wherein the drying 
means further comprises a vertical dryer. 

29. The apparatus of claim 23, wherein the food 
products comprise cereal grains, wherein the appa- S5 
ratus further comprises a gas injection unit, said gas 
injection unit operating to supply gas to the cereal 
grains In drying the ^cterior surface of the grains. 



30. The apparatus of claim 23, further comprising a 
pneumatic conveyer heater which reduces the wa- 
ter content of the aqueous slurry after said slurry 
passes from the cooker and before it passes to the 
drying means. 

31 . A method of processing food granules, compris- 
ing the steps of: 

(a) presteaming uncooked food granules; 

(b) steeping the uncooked food granules by 
soaking the granules in heated water; 

(c) cooking food granules, said food granules 
being cooked by application of heat and water 
In a steam cooker; and 

(d) perfonning steps (a)-(c) above by minimiz- 
ing the annount of water consumed and excret- 
ed during processing of food granules by sul> 
jecttng the food granules to only about as much 
moisture as the granules can absorb in that par- 
ticular step, and providing at least a portion of 
any excess water separated from the food 
granules during the performance of steps (a)- 
(c) to be recirculated and reused In the overall 
process. 

32. The method of claim 31 , wherein the food gran- 
ules comprise processed cereal grains. 

33. The method of claim 31 , wherein the food gran- 
ules comprise rice. 

34. A method of drying a food granule sluny which 
comprises water and wet food granules, compris- 
ing: 

(a) providing a wet food granule slurry to be 
dried; 

(b) separating excess water from the wet food 
granules; 

(c) blowing wami air upon the food granules to 
reduce the water content of the food granules; 

(d) agitating the food granules using rotary mo- 
tion, wherein food granules are dried while pro- 
ceeding through a perforated rotating barrel, 
said barrel rotating at a speed that results in the 
application of no more than about 1 g of radial 
force upon the rice; 

(e) providing for separate, identifiable temper- 
ature zones along the path of the food granules 
whereby the zones mhlbit airspeeds of greater 
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than about 2000 feet per minute air outlet ve- 
locity and are maintained at sufficiently high 
temperatures to dry the food granules at a rate 
that produces a dried food granule with desira- 
ble density characteristics and short rehydra- s 
tion times. 

35. The method of claim 34, wherein the residence 
time of the food granules within the rotating barrel 
may be adjusted by allowing the food granules to io 
remain within the rotating ban-ei until the food gran* 
ules are sufficiently dried to facilitate their escape 
from the rotating barrel. 

36. The method of claim 35, wherein the step of sep- 
arating excess water from the wet food granules is 
accomplished by vibrating the food grcmule slurry. 

37. The method of claim 36, wherein the tempera- 
ture and air velocities within the rotating ban^el are ^ 
adjusted to facilitate the drying of the food granules 

at a rate that is controlled as to both heat and air 
velocity so as to avoid damaging the food granules 
during drying. 

25 

38. The method of claim 37, wherein the flow of air 
along the path of the food granules is adjustably 
regulated lay dampening the flow to achieve opti- 
mum flow rates for a particular processing condi- 
tion, a particular end product, or both. so 

39. The method of claim 37, wherein the residence 
time of the food granule is regulated using an ad- 
justable hurdle near the exit of the rotary dryer, 
wherein the adjustable hurdle facilitates the escape ss 
of the food granules after the food granules are suf- 
ficiently dry. 

40. The method of claim 37, additionally comprising 
the step of providing the food granules to a bed dry- 40 
er, wherein the bed dryer comprises a conveyor for 
transporting the food granules through the bed drier 
while blowing wanri air upon the food granules. 

41 . The method of claim 37, additionally comprising 45 
the step of providing the food granules to a vertical 
drier, wherein said vertical dryer is adapted for re- 
ducing further the water content of said food gran- 
ules. 

so 

42. The method of claim 37, wherein the food gran- 
ules comprise rice, further wherein the temperature 
zones provide for varying temperatures along the 
rotating barrel of the rotary dryer, further wherein 
the air velocities within the rotating barrel are at ss 
least about 2700 feet per minute, said variance in 
temperature providing a temperature controlled 
drying process and an Improved and more unifonn 



rice product. 

43. The method of claim 37, wherein the food gran- 
ules are transported within the rotating barrel from 
a proximal end of the rotating barrel to a distal end 
of the rotating barrel, further wherein said rotating 
bannel comprises an inner surface and an outer sur- 
face, said inner surface containing an advancement 
means adapted to advance the food granules to- 
wards the distal end of the rotating ban^el in the dry- 
ing of the food granules. 

44. The method of clabm 37, wherein the food gran- 
ules are unifonmly distributed within the rotating bar- 
rel during the drying of the food granules by mixing 
the granules with projections extending from a ro- 
tating shaft. 

45. The method of claim 37, wherein the food gran- 
ules comprise rice. 

46. The method of claim 38, wherein the air velocity 
in at least one zone of the rotating barrel is greater 
than about 3000 feet per minute. 

47. The method of claim 38, wherein a quicker re- 
hydratlng rice product is produced, said quicker re- 
hydratlng rice product capable of being cooked by 
consumers within about five minutes or less. 

48. A drying apparatus for reducing the water con- 
tent of a food granule siuny, comprising: 

(a) a rotary dryer, wherein said rotary dryer 
comprises an inlet port and an outlet port and 
a body, between said Inlet port and outlet port, 
said rotary dryer adapted for conveying a con- 
tinuous stream of a wet food granule slurry, 
wherein said wet food granule slurry proceeds 
into the Inlet port and out of the outlet port; 

(b) a perforated rotating barrel having a proxi- 
mal end and a distal end, wherein said rotating 
ban^el is longitudinally positioned within said ro- 
tary dryer, wherein the proximal end of the bar- 
rel is near the inlet port and the distal end is 
near the outlet port of the rotary dryer, wherein 
said continuous stream of wet food granule 
slurry proceeds through said rotating barrel 
from the proximal end to the distal end of the 
barrel, wherein said food granules are agitated 
and dried during advancement through said 
ban^el, said barrel Including an adjustable food 
granule escape means providing for escape of 
food granules from the rotating barrel after the 
food granules are dried; 

(c) blowing means, wherein said blowing 
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means provides warm air upon said wet food 
granule slurry during its advancement aiong the 
body of said barrel, said wanm air evaporating 
waterfrom thefood granules, wherein the blow- 
ing means provides recirculation of warm air s 
within the rotary dryer; and 

(d) a heat source, said heat source adapted for 
heating air which removes water from said wet 
food granule slurry prior to its entry into the ro- f o 
tary dryer. 

49. The appeu'atus of claim 48, further comprising a 
vibratory drainer, said vibratory drainer positioned 
adjacent the inlet port of said rotary dryer, wherein f 5 
said vibratory drainer vibrates the wet food granule 
stuny thereby reducing the water content of the food 
granule slurry prior to its entry Into the rotary dryer. 

50. The apparatus of claim 48, wherein the rotating 20 
barrel is perforated to facilitate the high velodly flow 

of heated air from said blowing means into the ro- 
tating barrel among the food granules, In reducing 
the water content of the food granules. 

25 

51. The apparatus of claim 48, wherein dampers 
are provided to regulate the ftow of air from said 
blowing nneans, in a path which proceeds through 
the perforations In the rotating banrei. 

30 

52. The apparatus of claim 48, wherein the drying 
apparatus additionally comprises a fan for providing 
air currents, said fan mounted adjacent the rotating 
barrel of the rotary dryer, wherein said fan provides 

a flow of air generally aiong the path of the contin- ss 
uous stream of food granules, said fan providing as- 
sistance in advancing said food granules from the 
inlet port of the rotary dryer towards the outlet port 
of said rotary dryer. 

40 

53. The apparatus of claim 51 , wherein said blowing 
means provides air which is partitioned into sepa- 
rate temperature zones along the path of the food 
granules, wherein said temperature zones may pro- 
vide for varying air temperatures to be applied to ^ 
the continuous stream of food granules at different 
points along the path of the food granules from the 
inlet port towards the outlet port of the rotary dryer, 
further wherein the blowing means is adapted to 
provide an air velocity within the rotating barrel of so 
at least about 2700 feet per minute. 

54. The apparatus of daim 53, wherein said rotating 
barrel is mounted within the body of the rotary dryer 
upon a shaft, said shaft running longitudinally from S5 
said Inlet port to said outlet port, said shaft having 

a proximal end near the inlet port and a distal end 
near the outlet port, further wherein the g forces 
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generated upon the food granules by rotation of the 
rotary shaft are no greater than about 1 g of force in 
a direction from the shaft towards the wall of the ro- 
tating banrei. 

55. The apparatus of claim 54, wherein said rotating 
barrel additionally comprises an Inner surface and 
an outer surface, wherein said a portion of said in- 
ner surface comprises an advancement means for 
moving wet food granules from the proximal end of 
the rotating barrel towards the distal end of the ro- 
tating barrel. 

56. The apparatus of claim 54, wherein the ad- 
vancement means for advancing wet food granules 
comprises projections. 

57. The apparatus of claim 55, wherein said rotary 
dryer further comprises a mixing means within said 
rotating barrel, wherein said mixing means acts to 
prevent clumping of the wet food granule slurry 
within the rotating barrel. 

58. The apparatus of claim 57, wherein the mixing 
means comprises a rotating column. 

59. The apparatus of claim 58, wheroin said rotating 
column additionally comprises fingers extending 
from said rotating column. 

60. The apparatus of claim 58, wherein the drying 
apparatus additionally comprises a bed drier. 

61. The apparatus of claim 58, wherein the drying 
apparatus additionally comprises a vertical dryer. 

62. A steam cooker for cooking food products com- 
prising: 

(a) a steam chamber, wherein the steam cham- 
ber comprises a plurality of vertically an^anged 
steam zones; 

(b) means to provide steam to said plurality of 
steam zones; and 

(c) means to releasably form the steam zones 
within said steam chamber and to support the 
food products within each of the zones. 

63. The steam cooker of claim 62, wherein the 
means to releasably fonm the steam zones compris- 
es a plurality of vertically spaced partitions, the par- 
titions being capable of manipulation to accommo- 
date the support of the food product within each 
zone yet capable of further manipulation to facilitate 
the transfer of the food product to another verttealiy 
aligned zone upon manipulation of the partition. 
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64. The steam cooker of claim 63, wherein each 
partition rotates about an axis, wherein the parti- 
tions may be manipulated to a support or cooking 
position, wherein the partitions facilitate the steam 
cooking of food products, wherein the rotation of the s 
partitions into the flow position facilitates the ad- 
vancement of food products among the successive 
steam zones within the steam cooker. 

65. The steam cooker of claim 64, wherein the par- io 
titions provide steam to the food products in the 
cooking of food products. 

66. The steam cooker of claim 65, wherein the ro- 
tation of each partition Is accommodated by a rotat- f 5 
able shaft, the shaft supplying steam for the cooking 

of the food products. 

67. The steam cooker of claim 66, wherein steam 
flow lines and exit ports are provided along the sur- ^ 
face of each partition, such that steam may be sup- 
plied to food products while such products are sup- 
ported on the partitions. 

68. The steam cooker of claim 67, further compris- 
ing a plurality of partitions whteh are Independently 
rotatable, and work in unison to define separate 
zones. 

69. The steam cooker of claim 62, wherein each 30 
successive steam zone is larger than the immedi- 
ately preceding zone, to facilitate the gravimetric 
flow of food products through the steam cooker. 

70. The steam cooker of claim 62, further Including ss 
a discharge port at the bottom of the steam cooker. 

71 . The steam cooker of claim 70, further including 
a supply line for providing fluid to entrain the cooked 
food product away from the steam cooker. 40 

72. A steam cooker for cooking food products, com- 
prising: 

(a) a steam chamber adapted to provide a 45 
steam environment for the cooking of food 
products; and 

(b) a rotatable support structure within the 
steam chamber, comprising rotatable amis so 
which support the food products while the food 
products are being subjected to steam cooking; 
and 

(c) means for supplying steam to the steam ss 
chamber. 

73. The steam cooker of claim 72, wherein the ro- 



tatable support structure comprises a central rotat- 
able shaft which supports the arms, and wherein the 
means for supplying steam includes means for sup- 
plying steam radially outward from the shaft. 

74. The steam cooker of claim 72, wherein the 
means for supplying steam further includes meems 
for supplying steam radially inwardly. 

75. The steam cooker of claim 72, wherein the 
means for supplying steam further includes means 
on said rotatable arms. 

76. The steam cooker of daim 72, further including 
stationary, radially oriented plates within the steam 
chamber to facilitate the separation of the steam 
chamber into cooking zones, and to prevent excess 
agitation of thefood products which might othenivise 
damage the structural integrity of the food products 
during rotation of the shaft. 

77. A method of cooking food products, comprising: 

(a) transfemng afood product in stepwise fash- 
ion through a plurality of vertically separated 
zones within a steam chamber; 

(b) supporting the food product within each sep- 
arate zone while supplying steam to the food 
product within that zone; and 

(c) conveying said food products from said 
steam cooker after the food product has pro- 
gressed through the zones of the steam cooker. 

78. The method of claim 77, wherein thestep of sup- 
porting the food product within each successive 
zone is accomplished by a movable partition, and 
wherein the transfer of the food product through the 
successive zones in stepwise fashion is accom- 
plished by manipulating each partition in a manner 
to accommodate the food product to be transfen^ed 
to the next zone. 

79. The method of claim 78, further including the 
step of providing steam to the food product from 
steam sources below the product upwards and from 
above the product down on top of the product, while 
in each successive zone, to facilitate the unifomn 
cooking of the food product. 

80. The method of cooking rice In a steam cooker, 
comprising: 

(a) transfening preconditioned rice to a steam 
chamber; 

(b) supporting the rice within a plurality of ver- 
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tically arranged zones; 

(c) steaming the rice, while transferring the rice 
to successive steam zones; 

(d) retaining the rice within each steam zone for 
a predetermined period of time; 

(e) conveying the rice out of the steam chamber 
after the food product has progressed through 
the successive zones of the steam chamber. 



88. The method of claim 80, wherein the rice is pre- 
conditioned kyy presteaming. 

89. The method of daim 80, wherein the rice is pre- 
conditioned kyy prewashing. 

90. The method of claim 80, wherein the rice is con- 
ditioned by administering a chemical additive to the 
rice before or during steaming. 

91 . The method of claim 80, wherein the rice Is post- 
conditioned after steaming t>y adding a chemical 
additive to the rice after steaming. 

92. The method of claim 80, wherein the rice con- 
veyed out of the cooi<er exhibits a moisture content 
of between about 50 and 65% moisture. 
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81. The method of claim 80, wherein steam Is pro- 
vided to the rice at a controlled rate to facilitate the 
cooking of rice while substantially avoiding adverse ^9 

gluing effects. 

82. The method of claim 80, wherein the rice re- 
mains dispersed, thereby avoiding undesirable ac- 
cumulation of rice in the form of globules. so 

83. The method of claim 80, wherein rice Is succes- 
sively transfenred from one zone to another by the 
movement of partitions which separate the steam 
zones. 25 

84. The method of claim 80, where rice is steamed 
from below. 

85. The method of claim 80, wherein rice is steamed so 
from above. 

86. The method of claim 80, wherein rice Is steamed 
from above and below. 

35 

87. The method of claim 80, wherein the residence 
time of the rice within each steam zone is regulated 
by activating the partitions, thereby allowing rice to 
flow from one steam zone to another. 
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93. The method of claim 89, wherein the rice addi- 
tionally Is preconditioned by presteaming after pre- 
washing. 

94. A method of cooldng a food product, connprising 
the steps of: 

(a) discharging the food product into an annular 
steam cooking chamber; 

(b) conveying the food product through the 
steam chamber in a vertically downward 
manne while supporting at least a portion of the 
food product on radially extending projections 
mounted on a central shaft within the steam 
chamber; and 

(c) subjecting the food product to steam which 
Is provided both radially inwardly and radially 
outwardly within the steam chamber. 

95. The method as defined in claim 94, and further 
including the step of conveying the food product 
away from the steam chamber in a water slurry. 

96. The method of cooking rice in a steam cooker, 
comprising: 

(a) transfening preconditioned rice to a steam 
chamber; 

(b) conveying the rice through steam chamber 
in a vertteaily downward manner while support- 
ing at least a portton of the rice on radially ex- 
tending projections mounted upon a central 
shaft within the steam chamber; 

(c) steaming the rice by providing steam radially 
inward towards the center of the chamber and 
radially outward towards the periphery of the 
steam chamber; and 

(d) conveying the rice out of the steam cham- 
ber. 

97. The method of claim 96, wherein the rice is pre- 
conditioned by prewashing, or presteaming, or 
both. 

98. The method of claim 96, wherein the rice con- 
veyed out of the cooker has a moisture content of 
Isetween about 50 and 65% moisture. 

99. A steam cooker for cooking food products, com- 
prising: 

(a) a cylindrical housing of segments having a 
receiving end, a discharge end, and a central 
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axis, wherein the receiving end is above the dis- 
charge end to facilitate gravity-Induced move- 
ment of products through the cylindrical hous- 
ing from the receiving end to the discharge end 
in cooking said food products; s 

(b)acookingsectlon between the receiving end 
and discharge end, the cooking section being 
defined by a plurality of circumferentially ar- 
ranged segments, each segment being provid- io 
ed to facilitate the transfer of food products 
through the cooking section and to facilitate the 
more uniform cooking of the individual food 
products. 

13 

100. The steam cooker of claim 99, wherein each 
segment Is pie-shaped In cross-section and where- 
in sources are provided to supply steam radially in- 
wardly and outwardly with each segment. 

20 

101 . The steam cooker of claim 100, further com- 
prising a discharge segment near the discharge end 
of the cylindrical housing. 

1 02. A steam cooker for cooking cereal grains, com- 25 
prising: 

(a) acyiindricai housing having a receiving end 
and a discharge end, and a central axis, where* 

In said cylindrical housing Is positioned with the 30 
receiving end above the discharge end to facil- 
itate gravity-Induced feed of cereal grains 
through the cylindrical housing from the receiv- 
ing end to the discharge end in cooking s£ud 
food granules; ss 

(b) one or more funnel segments comprising 
the receiving end of the cylindrical housing 
adapted for receiving and distributing the cere- 
al grains; 40 

(c) a discharge segment comprising the dis- 
charge end of the cylindrical housing, wherein 
the discharge segment may be rotated inde- 
pendently of other segments to achieve a more 45 
unifomi heat and steam distribution to the ce- 
real grains during cooking; 

(d) a plenum chamber associated with the cy- 
lindrical housing, said plenum chamber adapt- so 
ed for transmission of water or steam to cereal 
grains; 

(e) a cooking chamber within the cylindrical 
housing, wherein the cooking chamber Is ar- ss 
ranged about the central axis of the housing, 
the cooking chamber being perforated for the 
entry of water or steam to facilitate the cooking 



of the cereal grains. 

(f) wherein water or steam is provided from the 
plenum chamber to the cooking chamber; 

(g) wherein the cooking chamber is at a pres- 
sure of no more than about two times atmos- 
pheric pressure. 

103. The steam cooker of claim 102, wherein the 
funnel segment additionally comprises a cone 
spreader to facilitate heat and steam transfer to the 
cereal grains. 

104. An apparatus for recirculating water in the 
processing of food products, comprising: 

(a) a fresh water supply, wherein fresh water is 
provided for processing and transporting food 
products; 

(b) means for heating water for usage in the 
processing of the food products; 

(c) circulation conduits, wherein said conduits 
transport water in the processing of food prod- 
ucts, said conduits being connected to said wa- 
ter supply; 

(d) food processing machinery, including 
means for presteaming the food products and 
means for steam cooking the food products, 
wherein said machinery utilizes water in the 
processing of food products, said water sup- 
plied from said circulation conduits In quantities 
sufficient to avoid undesirable clumping of food 
products, said processing occurring in a series 
of steps, further wherein recycle water is pro- 
duced In the processing of food products, 
wherein food processing machinery expels re- 
cycle water into circulation conduits for trans- 
port to further steps in the processing of food 
products; 

(e) an excretion point, wherein a portion of the 
recycle water produced in the processing of 
food products is drained from said circulation 
conduits, the remainder of said recycle water 
being recirculated to process additional food 
products; and 

(f) a transport means for transporting water and 
food products among processing machinery. 

105. The apparatus of claim 1 04, wherein the food 
processing machinery additionally comprises 
steeping tanks, intennediate the presteaming 
means and the steam cooking means, wherein sakJ 
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steeping tanks are adapted to receive uncooked 
food products and recycle water, wherein said un- 
cooked food products absorb recycle water, thereby 
reducing the amount of water excreted in the 
processing of food products. s 

106. The apparatus of claim 104, further including 
a prewashing means, wherein the free starch on the 
surface of the food products is substantially re- 
moved prior to introduction of the food product into fo 
the steam cooker, thereby avoiding the accumula- 
tion of free starch whteh may undesirably dump the 
food products. 

1 07. The apparatus of claim 1 06 , wherein the food 
processing machinery additionally comprises a dry- 
er adapted for reducing the water content of said 
food products. 

108. The apparatus of claim 1 07, further including 20 
a water separation means, which Is utilized imme- 
diately prior to the drying step for collecting and re- 
circulating water, wherein the food products are 
dried by separation of recycle water from food prod- 
ucts, said recycle water being collected by said cir- 2S 
culation conduits for transport to further steps In the 
processing of food products. 

109. The method of recirculating water In the 
processing of cereal grains, comprising: 30 

(a) providing fresh water for the processing and 
cooking of cereal grains; 

(b) mixing said fresh water with recycle water ss 
to form a mixture of process water; 

(c) providing uncooked cereal grains to be proc- 
essed, said processing occuning in processing 
machinery; ^ 

(d) applying said mixture of process water to 
said uncooked cereal grains, wherein said re- 
cycle water Is at least partially absorbed by said 
cereal grains; ^ 

(e) heating said cereal grains to produce 
cooked cereal grains; and 

(f) transporting said mixture of process water so 
and said cooked cereal grains to an excretion 
point, wherein a portion of the recycle water Is 
drained , the remainder of said recycle water be- 

Ing recirculated and mixed with fresh water to 
be applied in processing additional uncooked S5 
cereal grains. 

110. The method of claim 109, wherein a slightly 



elevated pressure is applied to the uncooked cereal 
grains during cooking. 

111. The method of claim 110, wherein the amount 
of water applied and excreted is minimized by the 
selection of processing steps to substantially avokj 
starch damage to the cereal grains, thereby avoid- 
ing undesirable clumping of the cereal grains. 

112. The method of claim 111 , wherein the ratio of 
the amount of fresh water used in the processing of 
cereal grains to the amount of cooked cereal grains 
produced is less than or equal to about 3:1 by vol- 
ume. 

113. The method of claim 112, wherein the cereal 
grains processed comprise rice. 

114. A method of processing food products In a 
manner to achieve water of sufficient clarity that the 
water can be reused in subsequent perfonriEmces 
of the method, comprising the steps of: 

(a) presteaming the food products at least to 
partially cook and to Impart a moisture compo- 
nent to the food products; 

(b) steeping the food products In heated water; 

(c) steam cooking the food products in a pres- 
surized vessel with steam; and 

(d) extracting waterf rem the pressurized vessel 
of sufficient a clarity for reuse in subsequent 
perfomnances of steps (a)-(c) above. 

115. The method of claim 114, wherein the food 
product is rice and wherein the moisture content of 
the rice is in the range of approximately 1 8% to 25% 
after the presteaming step, approximately 42% to 
58% after the steeping step, and approximately 
50% to 60% after the steam cooking step. 

116. The method of claim 114, further Including the 
step of drying the food products after the perfomn- 
ance of steps (c) and (d), and draining water from 
the food products prior to the performance of the 
extracting step and recirculating the separated wa- 
ter for reuse in subsequent perfomnances of steps 
(a)-(c). 

117. The method of claim 114, further including the 
step of collecting water used in perfomning the 
steeping step and recirculating that collected water 
for reuse in subsequent perfomnances of steps (a)- 
(c). 

116. The method of claim 114. further includi the 
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step of prewashing the food products prior to the 
presteaming step. 

117. The method of claim 114, wherein the food 
product is rice and wherein steps (a)-(c) are per- 
fomned by exposing the rice to oniy approximately 
the amount of moisture that the rice can absort> at 
each step, without causing starch molecules to be 
leached out of the rice into the process water in 
quantities as would adversely affect the clarity of the 
water extracted after the perfomiiance of step (b). 
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